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(57) Abstract 

The structures of CACNA1G and CACNA1I, the genes encoding the human brain T Ca2+<j, channel 'alpha'^IG and 'alpha^ll 
subunits, respectively, were determined by comparison of polymerase chain reaction-amplified brain cDNA and genomic sequences. 
CACNA1G consists of at least 38 exons spanning at least 66,490 basepairs of chromosome 17q22. Alternative splicing of the RNA 
occurs at six sites: cassette exons 14, 26, 34 and 35, an internal donor in exon 25 and protein-coding intron 38B. Additionally, 
the RNA can be polyadenylated at either of two sites. Alternative splicing of CANCA1G RNA may lead to expression of as many as 
64 distinct protein products, ranging from 2,171 to 2,377 amino-acids residues, with as many as 45 potential phosphorylation 
sites. CACNA1I consists of at least 37 exons spanning at least 116,390 basepairs of chromosome 22q1 2.3-1 3.2. Alternative splicing 
of the gene occurs at three sites: cassette exon 9, an alternative acceptor in exon 33 and mutually-exclusive 3' exons 36B and 
37. Alternative splicing of CANCA1 1 RNA may lead to expression of as many as 8 distinct protein products, ranging from 1,968 to 2, 
223 amino-acids residues, with as many as 28 potential phosphorylation sites. Molecular diversity generated by alternative 
splicing and post-translation modification of these and other members of the T 'alpha 7,1 subunit gene family may account for the 
observed heterogeneity of T currents in central neurons. 

(57) Abrege 

Dans cette invention on a determine les structures de CACNA1G et de CACNA1 i, genes codant les sous-unites 'alpha'^IG et 
'alpha 7,11, respectivement, du canal T Ca2+<, dans le cerveau humain, en comparant des ADNc du cerveau amplifies par PCR et 
des sequences genomiques. CACNA1G est constitue d'au moins 38 exons recouvrant au moins 66 490 paires de base du 
chromosome 17q22. L'epissage alternatif de TARN a lieu dans six sites: exons de cassette 14, 26, 34 et 35, donneur interne dans 
I'exon 25 et intron 38B codant des proteines. En outre, TARN peut etre poiyadenyle dans n'importe lequel de ces deux sites. 
L'epissage alternatif d'ARN CACNA1G peut mener a I'expression de jusqu'a 64 produits proteiques distincts, compris entre les 
residus d'acides amines 2171 et 2377, avec jusqu'a 45 sites potentiels de phosphorylation. CACNA1I consiste d'au moins 37 exons 
recouvrant au moins 116 390 paires de base du chromosome 22q12.3-13.2. L'epissage alternatif de I'ARN a lieu dans trois sites: 
exon de cassette 9, accepteur alternatif dans I'exon 33 et introns 36B et 37 de 3' s'excluant mutueliement L'epissage alternatif 
d'ARN CACNA1I peut mener a I' expression de jusqu'a 8 produits proteiques distincts, compris entre les residus d'acides amines 
1968 et 2223, avec jusqu'a 38 sites potentiels de phosphorylation. La diversity moleculaire, generee par l'epissage alternatif et 
la modification post-traductionnelle de ces membres et d'autres membres de la famille de genes de sous-unite 'alpha'^IG de T, 
peut refleter I'heterogeneite observee des courants T dans les neurones centraux. 
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(54) Title: HUMAN BRAIN T CALCIUM CHANNEL ALPHA-SUB UNIT SPLICE VARIANTS 

(57) Abstract 

The structures of CACNA1G and CACNAII, the genes 
encoding the human brain T Ca 2+ channel a\Q and a\\ sub- 
units, respectively, were determined by comparison of poly- 
merase chain reaction-amplified brain cDNA and genomic se- 
quences. CACNA1G consists of at least 38 exons spanning 
at least 66,490 basepairs of chromosome I7q22. Alternative 
splicing of the RNA occurs at six sites: cassette exons 14, 26, 
34 and 35, an internal donor in exon 25 and protein-coding 
intron 38B. Additionally, the RNA can be polyadenylated at 
either of two sites. Alternative splicing of CANCAIG RNA 
may lead to expression of as many as 64 distinct protein prod- 
ucts* ranging from 2,171 to 2,377 amtno-acids residues, with 
as many as 45 potential phosphorylation sites. CACNAH con- 
sists of at least 37 exons spanning at least 1 16,390 basepairs of 
chromosome 22q 123- 13.2. Alternative splicing of the gene 
occurs at three sites: cassette exon 9, an alternative acceptor 
in exon 33 and mutually-exclusive 3' exons 36B and 37. Al- 
ternative splicing of CANCA1I RNA may lead to expression 
of as many as 8 distinct protein products, ranging from 1,968 
to 2,223 amino-acids residues, with as many as 28 potential 
phosphorylation sites. Molecular diversity generated by alter- 
native splicing and post-translation modification of these and 
other members of the T aj subunit gene family may account 
for the observed heterogeneity of T currents in central neu- 
rons. 



6[ 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to die PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova - 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Rso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


re 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


se 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







Description 



5 



10 



15 



20 



25 



30 



35 



40 



45 



55 



WO 00/70044 



PCT/USOO/12383 



HUMAN BRAIN T CALCIUM CHANNEL 
ALPHA-SUBUNIT SPLICE VARIANTS 

This invention was made using funds from the U.S. government. Under the terms 
of NIH grants K08NS01939 and P50HL52307, the government may retain certain rights 
in the invention. 

TECHNICAL FIELD OF THE INVENTION 

This invention is related to ion channels. In particular, it is related to ion channels 
related to brain function. 

PACKQRQI JNP OF THE INVENTION 

Voltage-dependent calcium channels are involved in both coupling electrical 
activity to calcium influx and contributing to membrane properties. Low voltage- 
activated (LVA) calcium channels activate at potentials near the resting membrane 
potential LVA participate in spike^induced calcium entry and allow calcium influx at 
potentials below threshold. LVA calcium channels also are involved in subthreshold 
membrane fluctuations. LVA calcium channel dysfunction is implicated in epileptiform 
activity. Moreover, these channels are targets for antiepileptic drugs. 

T-type (transient) properties in neurons include low voltage activation, strongly 
voltage-dependent kinetics, rapid inactivation, slow deactivation, and small single- 
channel conductance. 

Recently, a subfamily of genes (designated Cz^T) has been discovered encoding 
a, summits that are - 30% homologous to HVA subunit genes in their putative 
membrane-spanning regions. 
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T currents are a diverse class of Ca z+ current characterized by a low voltage 
threshold for activation. Proposed functions include generation of low-threshold 
spikes that lead to bursting, promotion of voltage oscillations, boosting of Ca 2+ entry 
and synaptic potentiation. T currents may be the targets of succinimides and related 
compounds administered in the treatment of absence epilepsy. Recently, cDNA 
sequences of three T a t subunits, rat <x 1G and cc n and human a 1H) have been 
reported. 



Ca 2+ channel cc, subunits are encoded by at least 10 genes falling into three 
subfamilies: ABE, SCDF and GHI\ Alternative splicing of a y RNAs generates further 
10 molecular diversity. There is a need in the art for identifying the different splice forms 

20 of the calcium channel subunits, so that they can be used as targets in drug discovery and 

development programs. 
SUMMARY OF THE INVENTION 
25 It is an object of the present invention to provide an isolated and purified cc 1G 

15 subunit of human brain T calcium channel. 

It is an object of the present invention to provide an isolated and purified nucleic 
acid encoding the a lG subunit. 

It is an object of the present invention to provide an isolated and purified a n 
subunit of human brain T calcium channel. 
20 It is an object of the present invention to provide an isolated and purified nucleic 

acid encoding the a u subunit. 

It is another object of the present invention to provide an isolated and purified 
nucleic acid comprising an exon of a human brain T calcium channel alpha subunit. 
Another object of the invention is to provide an isolated and purified polypeptide 
40 25 which comprises a translated exon of a human brain T calcium channel. 



45 t 

The gene encoding the subunit a lx , where X is A - 1, or S, is denoted CACNA1X, Alternative names for the SCDF 
and GHI subfamilies are L and T, respectively. 
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Another object of the invention is to provide expression vectors and host cells for 
expressing the subunits of human brain T calcium channel. 

Another object of the invention is to provide a method to identify candidate drugs 
for treating epilepsy. 

These and other objects of the invention are achieved by one or more of the 
embodiments described below. In one embodiment an isolated and purified (Xi G subunit 
of human brain T calcium channel is provided. The subunit is selected from splice 
variants 1-64 as shown in Table 1. 

According to another object of the invention an isolated and purified nucleic acid 
encoding the a 1Q subunit is provided. 

According to still another object of the invention an isolated and purified 
polypeptide is provided which comprises a translated exon selected from the group 
consisting of 1-38D as shown in Table 2. 

Another embodiment of the invention is an isolated and purified nucleic acid which 
comprises an exon selected from the group consisting of 1-3 8D as shown in Table 2. 

Still another embodiment of the invention is an isolated and purified ct n subunit of 
human brain T calcium channel selected from splice variants 1-8 as shown in Table 3. 

The present invention also provides an isolated and purified polypeptide which 
comprises a translated exon selected from the group consisting of 1-37 as shown in 
Table 4. 

According to another aspect of the invention an isolated and purified nucleic acid 
is provided which comprises an exon selected from the group consisting of 1-37 as 
shown in Table 4. 

Vectors and host cells which contain and/or express any of the nucleic acids, 
polypeptides or proteins described above are also contemplated as part of the present 
invention. 

Other embodiments of the invention are methods to identify candidate drugs for 
treating epilepsy. A host cell containing a nucleic acid encoding an oc, G or a„ subunit or 
exon is contacted with a test substance. Uptake by the cell of calcium ions is measured. 
A test substance which inhibits the uptake by the cell of calcium ions is identified as a 
candidate drug for treating epilepsy. 
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These and other embodiments of the invention which will be described in more 
detail below, and which will be evident to those of ordinary skill in the art upon reading 
the disclosure, provide the art with new drug discovery targets which can form the basis 
of a drug screening program. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 . Map of CACNA J I and cc u cDNA. In the genomic map (bottom), 
exons are indicated by vertical bars and introns by the connecting horizontal line. 
The smallest exons arc not to scale due to the minimum line thickness required for 
printing. In the cDNA map (middle), constitutively-spliced, odd-numbered exons are 
10 black and even-numbered exons, gray. Alternatively-processed exons (or portions of 

exons) are colored as follows: 9 - red, 33 A - orange, 36B - green. The thinner 
portions of exons 1 and 36 represent the 5' and 3 ' untranslated regions, respectively. 
Selected exons are labeled to facilitate counting. Black bars above this cDNA map 
indicate relative PGR product locations. Four of the bars are interrupted by a thin 
25 15 line to indicate portions deleted by alternative splicing. Exon 37 (blue) is mutually 

exclusive with exon 36, requiring a separate representation of the 3 ' end of the 
cDNA, at the top. Only a small portion of the exon 37 3' UTR has been amplified 
30 and sequenced. Two of the PCR products containing portions of exon 37 are 

represented as black bars above the partial cDNA map. The starred scale bar equals 
20 1 kb for PCR products and the cDNA maps and 1 5 kb for the genomic map. 

35 Schematic of the predicted a u protein. Each aa residue is represented by 

a small circle. In the large cytoplasmic and extracellular loops, a full up-down cycle 
measures 100 residues. Main features of the topology are labeled in large type and 
described in the text. Portions of the protein derived from odd-numbered exons are 

40 

25 labeled in small type. A similarity score was computed for each residue from alignments 

of the aa sequence of each ct lt exon with the sequences of the homologous human c 1G 
and ce 1H exons by iterative pairwise use of gap with default parameters. Pipe, colon, 
45 period and space similarity symbols were assigned numerical values of 3, 2, 1 and 0, 

respectively; a n vs. ct lo and a u vs. ct 1H scores for an individual a n residue were added 

30 to yield a final score of 0 to 6. Residue identity in all three proteins produced a score 

of 6; pairing of an a u residue with unrelated amino acids in both alignments produced 
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a score of 0. Exons 9, 34 and 35 had no apparent a 1G or ce m homologues; these residues 
are uncolored. Exon 16 had only an oc IH homologue and exons 33 and 37 had only a 1G 
homologues; the maximum possible similarity score for these exons is 3 . Portions of the 
protein deleted by alternative splicing have a light blue background. Mutually exclusive 
exons 36B (7 aa) and 37 (214 aa) are side-by-side. Extracellular cysteines, potential 
N-glycosylation and phosphorylation sites and the location of splice sites (mapped to the 
protein product) are indicated by the appropriate symbols. Symbol colors have the 
following meanings: black - conserved among all human a x subunits; purple - conserved 
within 3 aa residues in the multiple sequence alignment of all human a! subunits; blue - 
conserved among the human ABE and Gffl subfamilies; green - conserved among all 
human T ctj subunits; brown - also present in human a UI ; orange - also present in human 
cc 1G ; pink - unique to a n . PKA; cyclic-nucleotide-dependent protein kinase 
phosphorylation site, PKC: protein kinase C phosphorylation site, CKII: casein kinase 
II phosphorylation site, Tyr: tyrosine kinase phosphorylation site. One residue in the 
C4enninus was identified as a potential site for phosphorylation by both PKA and CKII; 
another was identified as a potential site for phosphorylation by both PKA and PKC. 

Fig. 3. Map ofCACNAlG and the a 1G cDNA. In the genomic map (bottom), 
exons are indicated by vertical bars and introns by the connecting horizontal line. 
The smallest exons are not to scale due to the minimum line thickness required for 
printing. In the cDNA map (middle), constitutively-sphced, odd-numbered exons are 
gray and even-numbered exons, black. Alternatively-processed exons (or portions of 
exons) are colored as follows: 14 - olive, 25B - red, 26 - blue, 34 - light green, 35 - 
orange, 38B - dark green, 38D - purple. The thinner portions of exons 1 and 38 
represent the 5' and 3' untranslated regions, respectively. Selected exons are labeled 
to facilitate counting. Black bars at the top of the figure indicate PCR product 
locations relative to the cDNA map. Nine of the bars are hterrupted by a thin line to 
indicate portions deleted by alternative splicing. Red bars (labeled with GenBank 
accession numbers) represent infant brain cDNA clone ESTs. For one clone, only a 
3' EST has been reported. Thin lines indicate portions deleted by alternative splicing 
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5 and dashed lines indicate unsequenced portions. The starred scale bar equals 1 kb for 

PCR products and the cDNA map and 10 kb for the genomic map. 

Fig. 4. Schematic of predicted a, G proteins. Each aa residues is represented by 
10 a small circle. In the large cytoplasmic and extracellular loops, a full up-down cycle 

5 measures 100 residues. Main features of the topology are labeled in large type and 

described in the text. Portions of the protein involved in alternative splicing have a blue 
background. These and portions derived from odd-numbered exons are labeled in small 
type. A similarity score was computed for each residue from alignments of the aa 
sequence of each a lQ exon with the sequences of the homologous human a lh 
10 (unpublished observations) and cc u (submitted) exons by iterative pairwise use of gap 

20 (Genetics Computer Group, Wisconsin Package Version 9.0) with default parameters. 

Pipe, colon, period and space similarity symbols were assigned numerical values of 3, 
2, 1 and 0, respectively; a lG vs. a lH and C£ 10 vs. a u scores for an individual a lG residue 
were added to yield a final score of 0 to 6. Residue identity in all three proteins 
15 produced a score of 6; pairing of an aj G residue with unrelated amino acids in both 

alignments produced a score of 0. Exons 14, 16, 26, 35 and 38 had no apparent a m or 
ctijhomologues; these residues are uncolored, Exon 36 and the C-terminal half of exon 
8 had only cc 1H homologues and exon 34 had only an a„ homologue; the maximum 
possible similarity score for these regions is 3. Splice sites, extracellular cysteines and 
20 potential tf-glycosylation and phosphorylation sites identified with PROSITE are 

indicated by the appropriate symbols. Symbol colors have the following meanings: black 
- conserved among all human ^ subunits, purple - conserved within 3 aa residues in the 
multiple sequence alignment of all human subunits, blue - conserved among the 
human ABE and GHI subfamilies, green - conserved among all human T a t subunits, 
brown - also present in human a n , orange - also present in human a m pink - unique 
to a l0 . PKA: cyclic-nucleotide-dependent protein kinase phosphorylation site, PKC: 
protein kinase C phosphorylation site, CKE: casein kinase II phosphorylation site, Tyr: 
45 tyrosine kinase phosphorylation site. One residue in ID1-2 was identified as a potential 

site for phosphorylation by both PKA and PKC. 

30 Fig. 5 is a schematic diagram of the UNA processing leading to the 8 a n variants. 
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PET Al kEP DE SCRIPTION OF THE INVENTION 

The human brain T calcium channel a 1G subunit gene, CACNA1G, has now been 
discovered to consist of 38 protein-coding exons. Alternative processing of the gene 
transcript allows this single gene to code for sixty-four distinct a ia protein products. In 
Table 2, each exon or portion of an exon is listed. In Table 1, the component exons of 
individual splice variants are described. These two tables are sufficient for a complete 
description of the newly discovered compositions. 

Table 1 lists the component exons of the 64 a 1Q protein products. Only the 
missing portions of each variant are noted in the description; the symbol " A" denotes 
deletion of the exon following the symbol Thus, variant 1 consists of all exons save 14, 
25B, 26, 34, 35 and 38B; in other words, exons 1 - 13, 15- 24, 25A, 27 - 33, 36 - 37, 
38A and 38C are concatenated to form the protein. The final column lists the number 
of aa residues in each variant. 
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For each exon, the nucleotide sequence and the corresponding amino-acid 
(aa) sequence are listed in single-letter IUPAC code. Lower case letters in the aa 
sequences indicate that only two nucleotides of the codon belong to the exon (the 
codon is interrupted). A dash indicates a stop codon. 

Table 2. 

(SEQ ID NOs: 1 and 821 Exon 1 (constitutive! 

atggacgaggaggaggatggagcgggcgccgaggagtcgggacagccccggagcttcatgcggctcaa 
cgacctgtcgggggccgggggccggccggggccggggtcagcagaaaaggacccgggcagcgcggact 
ccgaggcggaggggctgccgtacccggcgctggccccggtggttttcttctacttgagccaggacagc 
cgcccgcggagctggrtgtctccgcacggtcrfcgtaacce 

MDE EE DG AG AEESGQPRSFMKLNDLSGAGGRPGPGS RE KDFG SAD SEAEGLPY P AXAP WF FYLS QDS 
RPRSWCLRTVCWp 

(SEP ID NOs: 2 and 83) Exon 2 (constitutive) 

ctggtttgagcgcatcagcatgttggtcatccttctcaactgcgtgaccctgggcatgttccggccat 
gcgaggacatcgcctgtgactcccagcgetgccggatcctgcag 

WFERI SMLV ILLNCVTLGMFRP CED I ACD S QRCRI I#Q 

(SEP ID NOs: 3 and 84) Exon 3 (constitutive) 

gcctttgatgacttcatctttgccttctttgccgtggagatggtggtgaagatggtggccttgggcat 
ctttgggaaaaagtgttacctgggagacacttggaaccggcttgactttttcatcgtcatcgcagg 

AFDDFIFAFFAVEMVVKMVALGIFGKKCYLGDTWNRLOFFIVIAg 

(SEQ 10 NQ$: 4 antf 95) £x pn 4 (c onstit utive ) 

gatgctggagtactcgctggacctgcagaacgtcagcttctcagctgtcaggacagtccgtgtgctgc 
gaccgctcagggccattaaccgggtgccca 

MLEYSLDLQNVSFSAVRTVRVLRPLRAINRVP 

(SEQ I P N Qs ; $ gntf 93 ) E x on 5 (constitutive) 

gcatgcgcatccttgtcacgttgctgctggatacgctgcccatgctgggcaacgtcctgctgctctgc 
ttcttcgtcttcttcatcttcggcatcgtcggcgtccagctgtgggcagggctgcttcggaaccgatg 
cttcctacctgagaatttcagcct 

SMRI LVTLLLDTLPMLGNVLLLCTFVFFI FGI VGVQLWAGLLRNRCFLPENFS 1 
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(SEQ ID NOs: 6 and 87) Exon 6 (constitutive) 

ccccctgagcgtggacctggagcgctattaccagacagagaacgaggatgagagccccttcatctgct 
cccagccacgcgagaacggcatgcggtcctgcagaagcgtgcccacgctgcgcggggacgggggcggt 
ggcccaccttgcggtctggactatgaggcctacaacagctccagcaacaccacctgtgtcaactggaa 
ccagtactacaccaactgctcagcgggggagcacaaccccttcaagggcgccatcaactttgacaaca 
ttggctatgcctggatcgccatcttccag 

PL S VDLE RY YQTENE DE S P F I CSQPRENGMRS CRS VPTLRGDGGGG PP CGLD YE AYN S S S NTT CVNWN 
QYYTNCSAGEHNPFKGAINFDNIGYAWIAIFQ 

f$E Q IQ NQ$: 7 grrc f £ xpn 7 (constitutive) 

gtcatcacgctggagggctgggtcgacatcatgtactttgtgatggatgctcattccttctacaattt 
catctacttcatcctcctcatcatc 

VITLEGWVD IMYTVMDAHSFYKFI YFr LLI I 

fSEO ID NOs: 8 and 89) Exon 8 {constitutive) 

gtgggctccttcttcatgatcaacctgtgcctggtggtgattgocacgcagttctcagagaccaagca 
gcgggaaagccagctgatgcgggagcagcgtgtgcggttcctgtccaacgccagcaccctggctagct 
■tctctgogcccggcagctgctatgaggagctgctcaagtacctggtgtacatccttegtaaggcagcc 
cgcaggctggctcaggtctctcgggcagcaggtgtgcgggttgggctgctcagcagcccagcacccct 
cgggggccaggagacccagcccagcagcagctgctctcgctcccaccgccgcctatccgtccaccacc 
tggtgcaccaccaccaccaccatcaccaccactaccacctgggcaatgggacgctcagggccccccgg 
gccagcccggagatccaggacagggatgccaatgggtcccgcaggctcatgctgccaccaccctcgac 
gcctgccctctccggggccccccctggtggcgcagagtctgtgeacagcttctaccatgccgactgcc 
acttagagccagtccgctgccaggcgccccctcccaggtccccatctgaggcatccggcaggactgtg 
ggcagcgggaaggtgtatcccaccgtgcacaccagccctccaccggagacgctgaaggagaaggcact 
agtagaggtggctgccagctctgggcccccaaccctcaccagcctcaacatcccacccgggccctaca 
gctccatgcacaagctgctggagacacagagtacag 

VGSFFMlHLCLVVIATQFSETXQraSQLMKEQRVRFL^^ 

RRIAQV S RAAG VRVGLL S S P APLGG QETQP S S S CS RS HRRLS VHHLVHHHHHHHHH Y HLGNGTLRAPR 
ASPEIQDRDANGSIffilJlLPPPSTPALSGAPPGGAESVHSFYHADCHLEPVRCQAPPPRSPSEASGRTV 
GSGKVYPTVHTSPPPETLKEKALVEVAASSGPPTLTSLMIPPGPYSSMHKLLETQST 

(SEQ ID NOs: 9 and 90) Exon 9 (constitutive) 

gtgcctgccaaagctcttgcaagatctccagcccttgcttgaaagcagacagtggagcctgtggtcca 
gacagctgcccctactgtgcccgggccggggcaggggaggtggagctcgccgaccgtgaaatgcctga 
ctcagacagcgaggcagtttatgagttcacacaggatgcccagcacagcgacctccgggacccccaca 
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gccggcggcaacggagcctgggcccagatgcagagcccagctctgtgctggccttctggaggctaatc 
tgtgacaccttccgaaagattgtggacagcaagtactttggccggggaatcatgatcgccatcctggt 
caacacactcagcatgggcatcgaataccacgagcag 

gACQSSCKISSPCLKADSGACGPDSCPYCARAGAGEVELADREMPDSDSEAVYEFTQDAQHSDLRDPH 
SRRQRSLGPDAEPSSVLAFWRLICDTFRKIVDSKYFGRGIMIAILVNTLSMGIEYHEQ 

(SEQ IDNOs: 10 and 91) Exon 10 (constitutive) 

cccgaggagcttaccaacgccctagaaatcagcaacatcgtcttcaccagcctctttgccctggagat 
gctgctgaagctgcttgtgtatggtccctttggctacatcaagaatccctacaacatcttcgatggtg 
tcattgtggtcatcag 

PEELTNALEISNIVFTSLFALEMLLKLLVYGPFGlTIKNPYNIFDGVIWIs 

(SEQ IDNOs: 11 and 92) Exon 11 (constitutive) 

cgtgtgggagatcgtgggccagcaggggggcggcctgtcggtgctgcggaccttccgcctgatgcgtg 
tgctgaagctggtgcgcttcctgccggcgctgcagcggcagctggtggtgctcatgaagaccatggac 
aacgtggccaccttctgcatgctgcttatgctcttcatcttcatcttcag 

VWE I VG^QGG G L S VLRTF RLMRVLKLVRFL P ALQRQL VVLMKTMD NVATFCML LMLF IFIFs 

(SEP ID NOs: 12 and 93) Exon 12 (constitutive) 

catcctgggcatgcatctcttcggctgcaagtttgcctctgagcgggatggggacaccctgccagacc 
ggaagaattttgactccttgctctgggccatcgtcactgtctttcag 

ILGMHLFGCKFASERCGDTLPDRKNFDSLLWAIVTVFQ 

f SEQ IP NOs; 13 end 94) to 13 (c onstitutive) 

atcctgacccaggaggactggaacaaagtcctctacaatggtatggcctccacgtcgtcctgggcggc 
cctttatttcattgccctcatgaccttcggcaactacgtgctcttcaatttgctggtcgccattctgg 
tggagggcttccaggcggag 

ILTQEDWNKVLYNGMASTSSWAALYFIALMTFGNYVLFNLLVAILVEGFQAE 

(SE Q tp NOs; 14 end 95 ? &w 14 (v ariable) 

gaaatcagcaaacgggaagatgcgagtggacagttaagctgtattcagctgcctgtcgactcccaggg 
<3 

EISKREDASGQLSCIQLPVDSQG 

(SEQ ID NOs: 15 and 96) Exon 15 (constitutive) 
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ggagatgccaacaagtccgaatcagagcccgatttcttctcacccagcctggatggtgatggggacag 
gaagaagtgcttggcct 

GDANKSESEPDFFSPSLDGDGDRKXCLA 

($£Q ID NQs; 16 and 97) Exon 16 (constitutive) 

tggtgtccctgggagagcacccggagctgcggaagagcctgctgccgcctctcatcatccacacggcc 
gccacacccatgtcgctgcccaagagcaccagcacgggcctgggcgaggcgctgggccctgcgtcgcg 
ccgcaccagcagcagcgggtcggcagagcctggggcggcccacgagatgaagtcaccg 

1VSLGEHPELBKSLLPPLIIHTAATPMSLPKSTSTGLGEALGPASRRTSSSGSMPGAAHEMKSP 

fSgQ ID NQs: 17 and 98) Exon 17 (constitutive) 

cccagcgcccgcagctctccgcacagcccctggagcgctgcaagcagctggaccagcaggcgctccag 
ccggaacagcctcggccgtgcacccagcctgaagcggagaagcccaagtggagagcggcggtccctgt 
tgtcgggagaaggccaggagagccaggatgaagaggagagctcagaagaggagcgggccagccctgcg 
ggcagtgaccatcgccacagggggtccctggagcgggaggccaagagttcctttgacctgccagacac 
actgcaggtgccagggctgcatcgcactgccagtggccgagggtctgcttctgagcaccaggactgca 
atggcaagtcggcttcagggcgcctggcccgggccctgcggcctgatgaccccccactggatggggat 
gacgccgatgacgagggcaacctg 

PSARSSPHSPWSW^SSWTSRRSSI^SWRAPSLKRRSPSGERRSLLSGEGQESQDEEESSEEERASPA 
GSDHRHRGSLEREJUCSSFDLPDTLQVPGLHRTASG!«JSASBHQDCKGKSASGiajmArJlPDDPPLDGD 
DADDEGNL 

f$EG ID NQs: 18 and 99) Exon 18 (constitutive) 

agcaaaggggaacgggtccgcgcgtggatccgagcccgactccctgectgctgcctcgagcgagactc 
ctggtcagcctacatcttccctcctcagtccag 

SKGERVKAWIBARLPACCLERDSWSAYIFPPQSr 

(SEO ID NQs: 19 and 100) Exon 19 {constitutive) 

gt-tccgcetcctgtgtcaccggatcatcacccacaagatgttcgaccacgtggtccttgtcatcatct 
tccttaactgcatcaccatcgccatggagcgccccaaaattgacccccacagcgct 

FRtiCHRI I THKMFD HWLVI I FLKCIT I AMERPKIDPHS A 

(SEO ID NQs: 20 and 101) Exon 20 (constitutive) 

gaacgcatcttcctgaccctctccaattacatcttcaccgcagtctttctggctgaaatgacagtgaa 

g 
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ERI FLTLSNY I FTAVPLAEMTVK 

($ EQ (D N Os; 21 antf 10 2) &o n 21 (constitutive) 

gtggtggcaetgggctggtgcttcggggagcaggcgtacctgcggagcagttggaacgtgctggacgg 
gctgttggtgctcatctccgtcatcgacattctggtgtccatggtctctgacagcggcaccaagatcc 
tgggcatgctgagggtgctgcggctgctgcggaccctgcgcccgctcag 

WALGWCFGEQAYLRSSWtmiDGLLVLISVIOILVSMVSDSGTKILGHLRVLRLLRTLRPLr 

(SEP ID NOs: 22 and 103) Exon 22 {constitutive) 

ggtgatcagccgggcgcaggggctgaagctggtggtggagacgctgatgtcctcactgaaacccatcg 
gcaacattgtagtcatctgctgtgccttcttcatcattttcggcatcttgggggtgcag 

VI SRAQGLKLVVETLMS S LKP IG fil WICCAFFI I FG ILG VQ 

(SEP ID NOs: 23 and 104) Exon 23 (constitutive) 

ctcttcaaagggaagtttttcgtgtgccagggcgaggataccaggaacatcaccaataaatcggactg 
tgccgaggccagttaccggtgggtccggcacaagtacaactttgacaaccttggccag 

LFKGKFFVCQGEDTRNITHKSDCAEASYRWVRHKYNFDHI.GQ 

(SEP ID NOs: 24 and 105) Exon 24 (constitutive) 

gccctgatgtccctgttcgttttggcctccaaggatggttgggtggacatcatgtacgatgggctgga 
tgctgtgggcgtggaccagcag 

ALMSLFVLASKDGWVDIHYDGLDAVGVDQQ 

(S EQ ID NQ$ ; 2 5 Bn<j 106) fo on 2 5A (co nstitutiv e ) 

cccatcatgaaccacaacccctggatgctgctgtacttcatctcgttectgctcattgtggccttctt 
tgtcctgaacatgtttgtgggtgtggtggtggagaacttccacaagtgtcggcagcaccaggaggaag 
aggaggcccggcggcgggaggagaagcgcctacgaagactggagaaaaagagaagga 

PIMNHNPWMLLYriSFlXIVAPFVLMMP^GVVVENFHKCRQHQEEEEAIUU^ 

(SEP ID NOs: 26 and 107) Exon 25B (variable) 

gtaaggagaagcagatggctg 
bKEKQMA 

fSEQ ID NOs: 27 and 108 and 162) Exon 26 (variable) 

atctaatgctggacgatgtaattgcttccggcagctcagccagcgctgcgtcag 
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nLMLDDVIASGSSASAAS (when follows exon 25A) 
dLMLDDVIASGSSASAAS (when follows exon 25B) 

($EQ ID NOs: 28 and 109 and 163) Exon 27 (constitutive) 

aagcccagtgcaaaccttactactccgactactcccgcttccggctcctcgtccaccacttgtgcacc 
agccactacctggacctcttcatcacaggtgtcatcgggctgaacgtggtcaccatggccatggagca 
ctaccagcagccccag 

eAQCKPYYSDySRFRLLVHHLCTSHYLDLPITGVlGLNWTMAMEHlfQQPQ (when it follows 
exon 25B or exon 26) 

kAQCKPYYSDYSRFRLLVHHLCTSHYLDLFITGVIGLNWTMAMEHYQQPQ (when it follows 
exon 25A) 

(SEP ID NOs: 29 and 110) Exon 28 (constitutive) 

attctggatgaggctctgaagatctgcaactacatcttcactgtcatctttgtcttggagtcagtttt 
caaacttgtggcctttggtttccgtcggttcttccaggacag 

I LDE ALXI CNY IFTVIFVLE S VFKLVAFGFRRFFQD r 

(SE Q iq NQ $: 3Q end 111) Bxon 29 (constitutive) 

gtggaaccagctggacctggccattgtgctgctgtccatcatgggcatcacgctggaggaaatcgagg 
tcaacgcctcgctgcccatcaaccccaccatcatccgcatcatgagggtgctgcgcattgcccgag 

WNQLDLAIVLLSIMGITLEBIBVNA5LPINPTIIRIHRVLRIAR 

(SFO ID NOs: 31 and 112) Exon 30 (constitutive) 

tgctgaagctgctgaagatggctgtgggcatgcgggcgctgctggacacggtgatgcaggccctgccc 
cag 

VLKIXKMAVGMRALLDTVMQALPQ 

(SEP ID NOs: 32 and 113) Exon 31 (constitutive) 

gtggggaacctgggacttctcttcatgttgttgtttttcatctttgcagctctgggcgtggagotctt 
tggagacctgg 

VGNLGLLFMLLFFIFAALGVELFGDL 

( $ZQ ip N Q $; 33 and 1 14 } Exon 32 {c onstitu tive} 

agtgtgacgagacacacccctgtgagggcctgggccgtcatgccacctttcggaactttggcatggcc 
ttcctaaccctcttccgagtctccacaggtgacaattggaatggcattatgaag 
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5 eCDETHPCEGLGRHATFRNFGMAFLTLFRVSTGDNWHGIHK 

f S£ Q IP N Os; 34 and 115) peo n 3 3 (c on stitutive) 

gacaccctccgggactgtgaccaggagtccacctgctacaacacggtcatctcgcctatctactttgt 
■fQ gtccttcgtgctgacggcccagttcgtgctagtcaacgtggtgatcgccgtgctgatgaagcacctgg 

aggagagcaacaaggaggccaaggaggaggccgagctagaggctgagctggagctggagatgaagacc 
ctcagcccccagccccactcgccactgggcagccccttcctctggcctggggtcgagggcccegacag 
ccccgacagccccaagcctggggctctgcacccagcggcccacgcgagatcagcctcccacttttccc 
tggagcaccccacg 

DTLRDCDQESTCYNIVISPIYFVSFVLTAQFVLVNWIAVLMKHLEESNKEAKEEAELEAELELEMKT 
LSPQPHSPLGSPFLWPGVEGPDSPDSPKPGALHPAAHARSASHFSLBHPT 

( $E Q IP NO s; 3 5 wd f f 5) E xgn 34 fr wf rt W 

gacaggcagctgtttgacaccatatccctgctgatccagggctccctggagtgggagctgaagctgat 
ggacgagctggcaggcccagggggccagccctctgccttcccttctgcccccagcctgggaggctccg 
acccacag 

DRQLFDTISLUQGSLEWELKLMDELAGPGGQPSAFPSAPSLGGSDPQ 

(SEP ID NOs: 36 and 117} Exon 35 (variable) 

atccctctagctgagatggaggctctgtctctgacgtcagagattgtgtctgaaccgtcctgctctct 
30 agctctgacggatgactctttgcctgatgacatgcacacactettacttagtgccctggagagcaat 

IPIAEKEALSLTSEIV r SEPSCSIJVLTDDSLPDDMHTLLLSALESN' 

fSEQ I P N Q$; 37 and 118) &o n 3g (c o ns titutive) 
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atgcagccccaccccacggagctgccaggaccagacttactgactgtgcggaagtctggggtcagccg 
aacgcactctctgcccaatgacagctacatgtgtcggcatgggagcactgccgaggggcccctgggac 
acaggggctgggggctccccaaagctcagtcag 

MQPHPTELPGPDI^TVRKSGVSRTHSLPKDSYMCHHGSTAEGPLGKRGWGLPKAOS 

(SEP ID NOs: 38 and 119) Exon 37 (constitutive) 

gctccgtcttgtccgttcactcccagccagcagataccagctacatcctgcagcttcccaaagatgca 
cctcatctgctccagccccacagcgccccaacctggggcaccatccccaaactgcccccaccaggacg 
cteccetttggctcagaggccactcaggcgccag 

gSVLSVHSQPADTSYILQLPKDAPHLLQPHSAPTWGTIPKLPPPGRSPLAQRPLRRQ 

(SEP ID NOs: 39 and 120) Exon 38A {constitutive) 
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gcagcaataaggactgactccttggacgttcagggtctgggcagccgggaagacctgctggcagag 
AAIRTD S LDVQGLG S RED LLAE 

(SE Q ID /V Q s; 40 gntf 1 2 1} E WD 38B (vtm bte) 

gtgagtgggccctccccgcccctggcccgggcctactctttctggggccagtcaagtacccaggcaca 
gcagcactcccgcagccacagcaagatctccaagcacatgaccccgccagccccttgcccaggcccag 
aacccaactggggcaagggccctccagagaccagaagcagcttagagttggacacggagctgagctgg 
atttcaggagacctcctgccccctggcggccag 

VSGPSPPLARAySFWGQSSTQAQQHSRSHSKISKHMTPPAPCPGPEPNWGKGPPETRSSLELDTBLSW 
ISGDLLPPGGQ 

($EQ ID NQ$; 41 $n<t 12?) Eton 38Q (wnstMive) 

gaggagcccccatccccacgggaectgaagaagtgctacagcgtggaggcccagagctgccagcgccggcctacgtc 
tctattttattaaattaattgaatctagta 

EEPPSPRDLKKCYSVEAQSCQRRPTSWLDEQRRHSIAVSCLDSGSQPHLGTDPSNLGGQPLGGPGSRP 
KKKLSPPSITIDPPESOGPRTPPSPGICIJUU^SSDSKDPIASGPPDSMAASPSPKKDVLSLSGLS^ 
DPADLDP- 

fSEG ID NO: 42i Exon 38D franafi/e) 

tatgcgggatgtacgacattttgtgactgaagagacttgtttccttctacttttatgtgtctcagaat 
atttttgaggcgaaggcgtctgtctcttggctattttaacctaaaataacagtctagttatattccct 
cttct±gcaaagcacaagctgggaccgcgagcacattgcagccccaacggtggcccatcttcagcgga 
gagcgagaaccattttggaaactgtaatgtaacttattttttcctttaacctcgtcatcattttctgt 
agggaaaaaaaaaagaaaaagaaaaaatgagattttacaagtgaaatggaacctttttatatataeat 
acatacatatctatctatctatctatatatatataaaataaagtaattttcctaaataaaaa 

Non-coding 

The calcium channel ce u subunit gene, CACNA!I t consists of 37 protein-coding 
exons. Alternative processing of the gene transcript allows this single gene to code 
for eight distinct a n protein products. In Table 4, each exon or portion of an exon is 
listed. In Table 3, the component exons of individual splice variants is described. 
These two tables are sufficient for a complete description of composition. The 
presumed RNA processing mechanisms giving rise to these variants are discussed 
below. 
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Table 3 lists the composition of the 8 a u protein products. Only the missing 
portions of each variant are noted in the description; the symbol "A" denotes deletion 
of the exon following the symbol. Thus, variant 1 consists of all exons save 9 f 33 A 
and 36B; in other words, exons 1 - 8, 10 - 32, 33B, 34-35, 36A and 37 are 
5 concatenated to form the protein. The final column lists the number of aa residues in 

each variant. 



Table 3. a„ Splice Variants 



Variant 


Description 


Exon 9 


Exon 33A 


Exon36Bor 37 


Length (aa) 


1 


A9A33AA36B 


A 


A 


37 


2175 


2 


A9A33AA37 


A 


A 


36B 


, 1968 


3 


A9A36B 


A 




37 


2188 


4 


A9A37 


A 


+ 


36B 


1981 


5 


A33AA36B 


+ 


A 


37 


2210 


6 


A33AA37 


+ 


A 


36B 


2003 


7 


A36B 


+ 




37 


2223 


8 


A37 


+ 




36B 


2016 
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For each exon, the nucleotide sequence and the corresponding amino-acid (aa) 
sequence are listed in single-letter IUPAC code. Lower case letters in the aa 
sequences indicate that only two nucleotides of the codon belong to the exon (the 
codon is interrupted), A dash indicates a stop codon. 

TABLE 4 

(SEQ ID NOs: 43 and 123) Exon 1 (constitutive^ 

atggctgagagcgcctccccgccctcctcatctgcagcagccccagccgctgagccaggagtcaccac 
ggagcagcccggaccecggagccccccatcctccccgccaggcctggaggagcctctggatggagctg 
atcctcatgtcccacacccagacctggcgcctattgccttcttctgcctgcgacagaccaccagcccc 
cggaactggtgca t caagatggtgtgc aac cc 

MRESASFPS SSAAAPAAEPGVTTEQPGPRS PPSSPPGLEEPLDGADPHVPHPDLAF I AFFCLRQTT5P 
RNWCIKMVCNp 

($EQ IP NQs: 44 M<1 1 2 4 ) E *on 2 (c onstitutiv e ) 

gtggtttgaatgtgtcagcatgctggtgatcctgctgaactgcgtgacacttggcatgtaccagccgt 
gcgacgacatggactgcctgtccgaccgctgcaagatcctgcag 

WFECVSMLVILLNCVTLGMYQPCDDMDCLSDRCKILQ 

(SEQ ID NQs; 49 am/ 125) Exon 3 (constitutive) 

gtctttgatgacttcatctttatcttctttgccatggagatggtgctcaagatggtggccctggggat 
ttttggcaagaagtgctacctcggggacacatggaaccgcctggatttcttcatcgtcatggcagg 

VFDDFIFIFFAMEMVLKMVALGIFGKKCyLGDTWNRLDFFIVHAg 

(S EQ IP N Qs; 46 wc/ 126) &on 4 (constitutive) 

gatggtcgagtactccctggaccttcagaacatcaacctgtcagccatccgcaccgtgcgcgtcctga 
ggeccctcaaagccatcaaccgcgtgecca 

MVErSLDLQHINLSAIRTVRVLRPLKAINRVP 

(SE Q ID NQ s; 47 m d 127) E * cn 5 (constit ut ive) 

gtatgcggatcctggtgaacctgctcctggacacactgcccatgctggggaatgtcctgctgctetgc 
ttctttgtcttcttcatctttggcatcataggtgtgcagctctgggcgggcctgctgcgtaaccgctg 
cttcctggaggagaacttcaceat 

SMRILVNLLLDTLPMLGNVLLLCPFVFFIFGirGVQLHftGLLRNRCFLEENFTi 
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($EQ ID NOs: 48 and 128) Exon 6 (constitutive) 

acaaggggatgtggccttgcecccatactaccagccggaggaggatgatgagatgcccttcatctgct 
ccctgtcgggcgacaatgggataatgggctgccatgagatccccccgctcaaggagcagggccgtgag 
tgctgcctgtccaaggacgacgtctacgactttggggcggggcgccaggacctcaatgccagcggcct 
ctgtgtcaactggaaccgttactacaatgtgtgccgcacgggcagcgccaacccccacaagggtgcca 
tcaactttgacaacatcggttatgcttggattgtcatcttccag 

QGDVALPPYYQPEEDDEMPFICSLSGDNGIMGCHEIPPLKEQGRECCLSKDDVYDFGAGRQDLNASGL 
CVNWNRyYNVCRTGSANPHKGAINFDNIGYAKIVlFQ 

(SEQ 10 NOs: 49 end 129) &on 7 (constitutive) 

gtgatcactctggaaggctgggtggagatcatgtactacgtgatggatgctcactccttctacaactt 
catctacttcateetgcttatcata 

VITLEGWVEIMYYVHDAHSFYNFIYFILLII 

(SEQ ID NOs: 50 and 130) Exon 8 (constitutive) 

gtgggctccttcttcatgatcaacctgtgcctcgttgtcatagcgacccagttctcggagaccaagca 
acgggagcaccggctgatgctggagcagcggcagcgctacctgtcctccagcacggtggccagctacg 
ccgagcctggcgactgctacgaggagatcttccagtatgtctgccacatcctgcgcaaggccaagcgc 
cgcgccctgggcctctaccaggccctgcagagccggcgccaggccctgggcccggaggccccggcccc 
cgccaaacctgggccccacgccaaggagccccggcactacc 

VGSFFMINLCLWIAl^FSETKQIffiHia^EQRQByLSSSTVASyAEPGDCYEEIFQYVraiLRKAKR 
RALGLYQALQSRRQAtGPEAPAPAKPGPHAKEPRHY 

(SEP ID NOs: 51 and 131) Exon 9 (variable) 

atgggaagactaagggtcagggagatgaagggagacatctcggaagccggcattgccagactttgcat 
gggcctgcctcccctggaaatgatcactcgggaagag 

hGKTKGQGDEGRHLG S RHOQTLHGPASPGNDHSGR 

(SEQ IP NOs: 5 2 end w en d 164) E^ o n 1Q (cons titutive) 

agctgtgcccgcaacatagccccctggatgcgacgccccacaccctggtgcagcccatccccgccacg 
ctggcttccgatcccgccagctgcccttgctgcc&gcatgaggacggccggcggccctcgggcctggg 
cagcaccgactcgggccaggagggctcgggctccgggagctccgctggtggcgaggacgaggcggatg 
gggacggggcccggagcagcgaggacggagcctcctcagaactggggaaggaggaggaggaggaggag 
caggcggatggggcggtctggctgtgcggggatgtgtggcgggagacgcgagccaagctgegcggcat 
cgtggacagcaagtacttcaaccggggcatcatgatggccatcctggtcaacaccgtcagcatgggca 
tcgagcaccacgagcag 
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eLCPQHSPLDATPHTLVQPIPATLASDPASCPCCQHEDGRRPSGLGSTDSGgEGSGSGSSAGGEDEAD 

GDGARSSEDGASSEIXSKEEEEEEQADGAVWLCGDVWP^TRAK^ 

IEHHEQ (when it follows exon 9) 

qLCPQHSPLDATPHTLVQPIPATLASDPASCPCCQHEDGRRPSGLGSTDSGQEGSGSGSSAGGEDEAD 
GDGARSSEDGASSELGKEEEEEEQADGAVV^CGDVWRETRAKLRGIVT)SKYFNRGIMMArLVNTVSMG 

IEHHEQ (when if follows exon 8) 

(SEP ID NOs: 53 and 133) Exon 1 1 {constitutive) 

ccggaggagctgaccaacatcctggagatctgcaatgtggtcttcaccagcatgtttgccctggagat 
gatcctgaagctggctgcatttgggctcttcgactacctgcgtaacccctacaacatcttcgacagca 

tcattgtcatcatcag 

PE ELTN I LE I CNWFTSMFALEMILKLAAPGLFD YLRNPY N IFDS 1 1 VI I b 

(SEP ID NOs: 54 and 134) Exon 12 (constitutive) 

catctgggagatcgtggggcaggcggacggtgggctgtcggtgctgcggaccttccggctgctgcgcg 
tgctgaaactggtgcgctt.catgcctgccctgcggcgccagctcgtggtgctcatgaagaccatggac 
aacgtggccaccttctgcatgctgctcatgctcttcatcttcatcttcag 

I WE IVGQADGGLS VLRTFRLLRVLKLVRFMP ALRRQLWLMKTMDNVATFCMLLMLFIF IF s 

(SEP ID NOs- 55 and 135 ) Exon 13 (constitutive) 

catccttgggatgcatatttttggctgcaagttcagcctccgcacggacactggagacacggtgcccg 
acaggaagaacttcgactccctgctgtgggccatcgtcactgtgttccag 

ILGMHIFGCXFSLRTDTGDTVPDRKNFDSIiLWAIVTVFQ 

(SEP ID NOs: 56 and 136 ) Exon 14 (constitutive) 

atcctcacccaggaggactggaacgtcgttctctacaatggcatggcctccacttctccctgggcctc 
cctctactttgtcgccctcatgaccttcggcaactatgtgctcttcaacctgctggtggccatcctgg 
tggagggcttccaggcggag 

ILTQEDWNVVLYNGMASTSPHASLYFVALMTFGRrVLFNLLVAILVEGFQAE 

(SEP ID NOs * 67 and 137) Fxon 15 (constitutive) 

ggtgacgccaatcgctcctactcggacgaggaccagagctcatccaacatagaagagtttgataagct 
ccaggaaggcctggacagcagcggag 

GDANRSYSDEDQSSSNIEEFDKLQEGLDSSG 

(SEP ID NOs: 58 and 138) Exon 16 (constitutive) 
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atcccaagctctgcccaatccccatgacccccaatgggcacctggaccccagtctcccactgggtggg 
cacctaggtcctgctggggctgcgggacctgccccccgactctcactgcagccggaccccatgctggt 
ggccctgggctcccgaaagagcagtgtcatgtctctagggaggatgagctatgaccagcgctccctg 

dPKLCP I PMTP NGHLDP SLPLGGHLG PAG AAGP APRLSLQPDPKL VALG S RKS S VMSLGRMS Y D QHS L 

(SEP ID NOs: 59 and 139) Exon 17 (constitutive) 

tccagctcccggagctcctactacgggccatggggccgcagcgcggcctgggccagccgtcgctccag 
ctggaacagcctcaagcacaagccgccgtcggcggagcatgagtccctgctctctgcggagcgcggcg 
gcggcgcccgggtctgcgaggttgccgcggacgaggggccgccgcgggccgcacccctgcacacccca 
cacgcccaccacattcatcacgggccccatctggcgcaccgccaccgecaccaccgccggacgctgtc 
cctcgacaacagggactcggtggacctggccgagctggtgcccgcggtgggcgcccacccccgggccg 
cctggagggcggcaggcccggcccccgggcatgaggactgcaatggcaggatgcccagcatcgccaaa 
gacgtcttcaccaagatgggcgaccgcggggatcgcggggaggatgaggaggaaatcgactac 

SSSRSSYYGPWGRSAAWASRRSSWNSLKHKPPSAEHESLLSAERGGGARVCEVAADEGPPRAAPLHTP 
HAHHIHHGPHLRHRHRHHimTLSLDNRDSVDIJ^LVPAVGAHPRAAWRAAGPAPGHEDCNGRMPSIAK 
DVFTKMGDRGDRGEDEEEID* 

SSEQ ID NOs: 60 and 140) Exon 18 (constitutive) 

accctgtgcttccgcgtccgcaagatgatcgacgtctataagcccgactggtgcgaggtccgcgaaga 
ctggtctgtctaccfccttctctcccgagaacag 

TLCFRVPJCMIDVYKPDWCEVREDWSVYLFSPENr 

($EQ id NQs: gf fln tf U1) Exon 19 (constitutive) 

gttccgggtcctgtgtcagaccattattgcccacaaactcttcgactacgtcgtcctggccttcatct 
ttctcaactgcatcaccatcgccctggagcggcctcagatcgaggccggcagcacc 

FRVLCQTI IAHKLFDYWIAFI FLNCITIAI*ERPQIE AGST 

(SEP ID NOs: 62 and 142) Exon 20 (constitutive) 

gaacgcatctttctcaccgtgtccaactacatcttcacggccafccttcgtgggcgagatgacattgaa 
9 

ERI FLTVSNYIFTAIFVGEMTLK 

(SEP ID NOs: 63 and 143) Ex on 21 (constitutive) 

gtagtctcgctgggcctgtacttcggcgagcaggcgtacctacgcagcagctggaacgtgctggatgg 
ctttcttgtcttcgtgtccatcatcgacatcgtggtgtccctggcctcagccgggggagccaagatct 
tgggggtcctccgagtcttgcggctcctgcgcaccctacgccccctgcg 
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WS LGLY FG EQ AY LRS SWNVLDGF LVFVS 1 1 D I WS L AS AGG AKI LG VLRVLRLLRTLRPL r 

(KFO ID NOs: 64 and 144) Exon 22 (constitutive) 

tgtcatcagccgggcgccgggcctgaagctggtggtggagacactcatctcctccctcaagcccatcg 
gcaacatcgtgctcatctgctgtgccttcttcatcatctttggcatcctgggagtgcag 

VISRAPGLKLWETLISSLKPIGNIVLICCAFFIIFGILGVQ 

(SEP ID NOs: 65 and 145) Exon 23 (constitutive) 

ctcttcaagggcaagttctaccactgtctgggcgtggacacccgcaacateaccaaccgctcggactg 
catggccgccaactaccgctgggtccatcacaaatacaacttcgacaacctgggccag 

LFKGKFYHCLGVDTRNITNRSDCMAAMYRWVHHKYNFDNLGQ 

(SEP ID NO* 66 and 146) Exon 24 (constitutive) 

gctctgatgtccctctttgtcctggcatccaaggatggttgggtgaacatcatgtacaatggactgga 
tgctgttgctgtggaccagcag 

ALMSLFVLASKDGWVNrMYNGLDAVAVDQQ 

(SEP ID NOs: 67 and 147) Exon 25 (constitutive) 

cctgtgaccaaccacaacccctggatgctgctgtacttcatctccttcctgctcatcgtcagcttctt 
tgtgctcaacatgtttgtgggtgtcgtggtggagaacttccacaagtgccggcagcaccaggaggctg 
aagaggcacggcggcgtgaggagaagcggctgcggcgcctggagaagaagcgccgga 

P VTNHNP WML L Y F ISFLLIVS FFVLNMFVGWVENFHFLCRQHQEAEEARRREEKRLRRLEKKRR 

(SEP ID A/05 - 68 and 148) Exon 26 (constitutive) 

aggcccagcggctgccctactatgccacctattgtcacacccggctgctcatccactccatgtgcacc 
agccactacctggacatcttcatcaccttcatcatctgcctcaacgtggtcaccatgtccctggagca 

ctacaatcagcccacg 

kAQRLP Y Y ATYCHTRLL I H SMCTS HYLD I F ITF I I CLNWTMSLEHYNQPT 

(SEP ID NOs - 69 and 149) Exon 27 (constitutive) 

tccctggagacagccctcaagtactgcaactatatgttcaccactgtctttgtgctggaggctgtgct 
gaagctggtggcatttggtctgaggcgcttcttcaaggaccg 

SLETALKYCNYKFTTVFVLEAVLKLVAFGLRRFFKDr 

(SEO ID NOs: 70 and 150) Exon 28 (co nstitutive) 
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atggaaccagctggacctggccattgtgctactgtcagtcatgggcateaccctggaggagatcgaga 
tcaatgcggccctgcccatcaatcccaccatcatccgcatcatgagggttctgcgcattgcccgag 

WNQLDLAIVLLSYMGITLEEIEINAALPINPTIIKIMRV1RIAR 

(SEQ id NO s; 71 en d 15 1) Et on 2 9 (c onstit utive ) 

tgctgaagctgttgaagatggccacaggaatgcgggccctgctggacacggtggtgcaagctttgccc 
cag 

vLKLLKMATGHRALLDTWQALPQ 

(SEP ID NOs: 72 and 152) Exon 30 (constitutive) 

gtgggcaacctgggcctcctcttcatgctgctcttcttcatctatgctgctctcggggtggagctctt 
tgggaagctgg 

VGNLGLLFMLLFF I Y AALGVELFGKL 

(SEP ID NOs: 73 and 153) Exon 31 (constitutive) 

tctgcaacgacgagaacccgtgcgagggcatgagccggcatgccaccttcgagaacttcggcatggcc 
ttcctcacactcttccaggtctccacgggtgacaactggaacgggatcatgaag 

vCNDENPCEGMSRHATFENFGMAFLTLFQVSTGDNWNGIMK 

($EQ IP NOs: 74 end 154) Exon 32 (constitutive) 

gacacgctgcgggactgeacccacgacgagcgcagctgcctgagcagcctgcagtttgtgtcgeegct 
gtacttcgtgagcttcgtgctcaccgcgcagttcgtgctcatcaacgtggtggtggctgtgctcatga 
agcacctggacgacagcaacaaggaggcgcaggaggacgccgagatggatgccgagctcgagctggag 
atggeccatggcctgggoeet.ggcccgaggetgcctaccggctccccgggcgcccctggccgagggcc 
gggaggggcgggcggcgggggcgacaccgagggcggcttgtgccggcgctgctactcgcctgcccag 

DTLRDCTHDERSCXSSI^FVSPLYFVSFVLTAQF^ 
MAHGLGPGPRLPTGSPGAPGRGPGGAGGGGDTEGGLCRRCirSPAC 

(SE Q ID NQ$; 75 a nd 15 5) E x on 33 A frgrfafflgj 

gagaacctgtggctggacagcgtctctttaateatcaag 
ENLWLDSVSLIIK 

(SEP ID NOs: 76 and 156) Exn n 33B (constitutive) 

gactccttggagggggagctgaccatcatcgacaacctgtcgggctccatcttccaccactactcctc 
gcctgccggctgcaagaagtgtcaccacgacaagcaagag 

DSLEGELTI I DNL SGS I FHHYS S P AGCKKCHRDKQE 
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( 550 I D /V P s: 77 and 157 ) E ton 34 (oonstitutiYS) 

gtgcagctggctgagacggaggccttctccctgaactcagacaggtcctcgtccatcctgctgggtga 
cgacctgagtctcgaggaccccacagcctgcccacctggccgcaaagacagcaag 

VOLJVETEAFSLNSDRSSSILLODDLSLEDPTACPPGRKDSK 

(SEQ ID NOs: 78 apd 158) Exon 35 (constitutive) 

ggtgagctggacccacetgagcccatgcgtgtgggagacctgggcgaatgcttcttccccttgtcctc 
tacggccgtctcgccggatccagagaacttcctgtgtgagatggaggagatcccattcaaccctgtcc 
ggtcctggctgaaacatgacagcagtcaag 

GELOPPEPMRVGDLGECFFfLSSTAVSPDPENFLCEHEEIPFNPVRSWLKHDSSQ 

(SEQ ID NOs: 79 and 159) Exon 36A (constitutive) 

cacccccaagtcccttctccccggatgcctccagccctctcctgcccatgccagccgagttcttccac 
cctgcagtgtctgccagccagaaaggcccagaaaagggcactggcactggaaccctccccaagattgc 
gctgcagggctcctgggcatctctgcggtcaccaagggtcaactgtacectcctccggcag 

a PPS PFSPD AS S PI.LPMPAE FFHPAVS ASQKG PEKG TG TGTIiPKI ALQGS WAS LRS PRVNCTIARQ 

(SEQ ID NOs: 80 and 160) Exon 36B (mutually exclusive with Exon 37) 

gtacegacacctcccaggccctagagcactggtctgtgggcaaggggcaggatctaagccaggcct 

ggaagtccaagggactgggaggggaaggacccaaccaaaggccgagggcaccaccgtgcaaggggg 

tttgggaacgctggggtgacgctgagactggagggggaggtggcactggggcggatggagtgggcg 

gggctgggtcctggggacagcagagtgtggggaggaccccaaggcgggtctggaagaggcctgtga 

tccctagcttgaggggaggggaggagaggaggaggagtactggaggttttgcagggtggcggggtg 

crtggcagtggggaggacaccctgggtgctctgggtgggtgtgagtgggggcttgattactaggaat 

ggaggtgggagggcgggtctggtggatgagaagcctcgggctgcagggtcccccgtactggattgg 

ccagggecacagccctcctacccacgggcacacagaggtctgaagcactgagggctccgctgtggg 

ggtggggaaatggggccgggccggctcccacagtgagtgcagttgattcactgggtgactgtctga 

cccgtcacaceaggctgtgtgctctggcgggcaggacacaaactccctgcctgccgggctcactgt 

1 1 agt get gagagt gagchgc ct gggt gc aggagggatgat aac caa aat aaa 

VPTPPRP- 

fSEO ID NOs: 81 and 161) Exon 37 (mutually exclusive with exon 36B) 

gccaccgggagcgacacgtcgctggacgccagccccagcagctccgcgggcagcctgcagaccacgct 

cgaggacagcctgaccctgagcgacagcccccggcgtgccctggggccgcccgcgcctgctccaggac 
cccgggccggcctgtcccccgccgctcgccgccgcctgagcctgcgcggccggggcctcttcagcctg 
cgggggctgcgggcgcatcagcgcagccacagcagcgggggctccaccagcccgggetgcacccacca 
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cgactccatggacccctcggacgaggagggccgcggtggcgcgggcggcgggggcgcgggcagcgagc 
actcggagaccctcagcagcctctcgctcacctccctcttctgcccgccgcccccgccgccagccccc 
ggcctcacgcccgccaggaagttcagcagcaccagcagcctggccgcccccggccgcccccacgccgc 
cgccctggcccacggcctggcccggagcccctcgtgggccgcggaccgcagcaaggacccccccggcc 
gggcaccgctgcccatgggcctgggccccttggcgcccccgccgcaaccgctccccggagagctggag 
ccgggagacgccgccagcaagaggaagagatgagggtcgcaggggcccccggccgcccaccgcccgcc 
ccgtctcaccttctttacctcaggagccaggagcagacagcaatacttcgtccacacctgggatcgcg 
cagggcccgcagggcacaggcgcccgacagccgggctgagcggagtctgggttagccaggcctgcgtg 
gcccatggtggcccttccagtgcatatacatacatatatatatatatatgcatatatatatatatata 
tatatatatgtgtatacacacacacatagacagacatatatatatatatttattttttttactgagag 
cttatgacttc 

RTGSOTSLDASPSSSAGSLQTTLEDSLTLSDSPRRALGPPAPAPGPRAGLSPAARRRLSLRGRGLFSL 
RGLRAHQRSHS SGGSTSPGCTHHDSMDPSDEEGRGGAGGGGAGSBHSETLS SLSLTSLFCPPPP PP AP 
GLTPARKFSSTSSIJUVPGRPHAAAIJUIGIJ^SPSWAADRSKDPPGRAPLPMGLGPLAPPPQPLPGELE 
PGDAASKRKR- 



RNA processing mechanisms 

Figure 5 is a schematic diagram of the RNA processing leading to the 8 variants. 
The portion of the Figure above the scale bar represents the CACNA11 gene. The 
three sections of the gene involved in alternative processing are drawn to scale. 
5 At the left, variable exon 9 (olive) is flanked by constitutive exons 8 (black) and 

10 (purple). The black lines between exons represent introns. 

In the middle, constitutive exon 32 is black, Exon 33 is divided into 2 parts, 
39-nucleotide (nt) variable exon 33 A (orange) and 108-nt constitutive exon 33B 
35 (blue). 

10 At the right, exon 36 is divided into 2 parts, 197-nt constitutive exon 36A 

(black) and variable exon 36B (red), encoding seven aa before a stop codon. 
Constititive exon 37 (green) encodes 214 aa before a stop codon. 
Exons 1 - 7, 1 1 -3 1 and 34 - 35 are not represented. 
The blue and red lines and red arrow above and below the exons represent 
15 alternative RNA processing reactions. 

45 Below the scale bar are representations of the 8 a u protein products. The 

portions of the protein derived from exons 1 - 7, 1 1 -3 1 and 34 - 35 are uncolored. 
Portions derived from the other exons are color-coded as in the gene map, above. 
Note that exon 36B encodes only 7 aa. The thin blue and red lines above the protein 
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products correspond to the lines around the gene map and represent the type of RNA 
processing reactions that resulted in the particular variant, 
a. Alternative splicing of exon 9 

Variants 1-4 result from the deletion of exon 9. In the blue reaction, splicing 
5 takes place between the donor 3' to exon 8 and the acceptor 5' to exon 10. Variants 

5-8 result from RNAs subjected to the red reactions. In this case, two splicing 
reactions take place. The donor 3' of exon 8 and the acceptor 5' of exon 9 are joined 
as are the donor 3' of exon 9 and the acceptor 5' of exon 10. The portion encoded 
by exon 9 is retained. 
10 b. Selection of the splice acc eptor preceding exon 33 A or 33B 

Variants 1, 2, 5 and 6 result from the deletion of exon 33 A. In the blue reaction, 
splicing takes place between the donor 3' of exon 32 and the acceptor internal to 
exon 33. Variants 3, 4, 7 and 8 result from RNAs subjected to the red reaction. In 
this case, splicing takes place between the donor 3' of exon 32 and the acceptor 5' of 
15 exon 33 . The portion encoded by exon 33 A is retained, 

c. Processing of the 3 ' end 

Variants 1,3,5 and 7 result from the deletion of exon 36B. In the blue reaction, 
splicing takes place between the donor internal to exon 36 and the acceptor 5' of 
exon 37. Exon 37 encodes the final 214 aaofthe protein in these variants. Variants 

20 2, 4, 6 and 8 result from RNAs subjected to the red reaction. In this case, the RNA 

is cleaved and polyadenylated just 3 ' of exon 36. In these variants, exon 36B 
encodes the final 7 aa of the protein. 

Isolated and purified polypeptides or proteins, according to the present invention 
comprise at least about 10% by weight of a composition of proteins. Preferably the 

25 composition contains at least 25%, 50%, 75%, 85%, or 90% by weight of the 

particular polypeptide or protein. Any purification method can be applied, either to 
naturally expressing cells, such as neurons, or to cells which have been engineered to 
express a recombinant form of the polypeptide or protein. Purification methods 
known in the art which can be used without limitation include affinity 

30 chromatography, immunoprecipitation, immunoaffinity chromatography, molecular 

sieves, and ion exchange chromatography. 
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Non-naturally occurring variants which retain substantially the same biological 
activities as naturally occurring protein variants, such as calcium channel function, are 
also included here. Preferably, naturally or non-naturally occurring variants have 
amino acid sequences which are at least 85%, 90%, or 95% identical to the amino 
5 acid sequences shown in the SEQUENCE LISTING found at the end of the 

application. More preferably, the molecules are at least 98% or 99% identical. 
Percent identity is determined using the Smith-Waterman homology search algorithm 
15 using an affine gap search with a gap open penalty of 12 and a gap extension penalty 

of 1. The Smith-Waterman homology search algorithm is taught in Smith and 
10 Waterman, Adv. Appl Math. (1 98 1) 2:482-489. 

Guidance in determining which amino acid residues can be substituted, inserted, 
or deleted without abolishing biological or immunological activity can be found using 
computer programs well known in the art, such as DNASTAR software. Preferably, 
amino acid changes in secreted protein variants are conservative amino acid changes, 
25 15 /.e., substitutions of similarly charged or uncharged amino acids. A conservative 

amino acid change involves substitution of one of a family of amino acids which are 
related in their side chains. Naturally occurring amino acids are generally divided into 
four families: acidic (aspartate, glutamate), basic (lysine, arginine, histidine), 
non-polar (alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, 
20 tryptophan), and uncharged polar (glycine, asparagine, glutamine, cystine, serine, 

threonine, tyrosine) amino acids. Phenylalanine, tryptophan, and tyrosine are 
35 sometimes classified jointly as aromatic amino acids. 

It is reasonable to expect that an isolated replacement of a leucine with an isoleucine 
or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
25 replacement of an amino acid with a structurally related amino acid will not have a 

major effect on the biological properties of the resulting variant. Whether an amino 
acid change results in a functional calcium channel subunit protein or polypeptide can 
readily be determined by testing the altered protein or polypeptide in a functional 
45 assay. 

30 Variants of the calcium channel subunit proteins disclosed herein include 

glycosylated forms, aggregative conjugates with other molecules, and covalent 
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conjugates with unrelated chemical moieties. Covalent variants can be prepared by 
linking functionalities to groups which are found in the amino acid chain or at the N- 
or C-terminal residue, as is known in the art. Variants also include allelic variants, 
species variants, and muteins. Truncations or deletions of regions, particularly exons, 
which do not affect functional activity of the proteins are also variants. 

A subset of mutants, called muteins, is a group of polypeptides in which neutral 
amino acids, such as serines, are substituted for cysteine residues which do not 
participate in disulfide bonds. These mutants may be stable over a broader 
temperature range than native proteins or have other beneficial changes in 
physicochemical properties. 

Any coding sequence can be used to generate a recombinant form of the protein 
which results in the proper amino acids being used. However, the natural human 
nucleic acid sequences are preferred. The coding sequence can be fused, for 
example, to expression control sequences, signal sequences, and/or to other coding 
sequences to form a fusion protein. All of the exons of a particular subunit can be 
used in such constructs. Alternatively one or more isolated exons can be used. 

Nucleic acids which are isolated and purified are separated from the rest of the 
chromosome on which they reside in human cells. Preferably the particular nucleic 
acid is the predominant molecular species in a composition. More preferably the 
nucleic acid comprises at least 75%, 80%, 85%, 90%, or 95% of the molecular 
species (including only nucleic acids) in the composition. 

Degenerate polynucleotide sequences which encode amino acid sequences of the 
proteins and variants, as well as homologous nucleotide sequences which are at least 
65%, 75%, 85%, 90%, 95%, 98%, or 99% identical to the nucleotide sequences 
shown in the Sequence Listing are also polynucleotide molecules of the invention. 
Percent sequence identity is determined using computer programs which employ the 
Smith-Waterman algorithm, such as the MPSRCH program (Oxford Molecular), 
using an affine gap search with the following parameters: a gap open penalty of 12 
and a gap extension penalty of 1 . 

Typically, homologous polynucleotide sequences can be confirmed by 
hybridization under stringent conditions, as is known in the art. For example, using 
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the following wash conditions--2 x SSC (0.3 MNaCl, 0.03 M sodium citrate, pH 
7.0), 0.1% SDS, room temperature twice, 30 minutes each; then 2 x SSC, 0.1% 
SDS, 50 °C once, 30 minutes; then 2 x SSC, room temperature twice, 10 minutes 
each— homologous sequences can be identified which contain at most about 25-30% 
basepair mismatches. More preferably, homologous nucleic acid strands contain 
15-25% basepair mismatches, even more preferably 5-15% basepair mismatches. 

The nucleic acid can be cloned into a vector, particularly an expression vector. 
Any suitable expression vector as is known in the art may be used without limitation, 
Host cells are preferably used which are human, although other host cells including 
yeast, bacteria, insect, plant and mammalian cells can be used. The cells can be 
selected for their desired properties. Typically these are selected for their interaction 
with a vector, or for a property which renders nucleic acids or proteins easily 
obtainable from the cells. 

Host cells which express an a, subunit according to the present invention or an 
a i polypeptide can be used to test compounds or compositions for their possible 
beneficial effect for treating epilepsy. Thus, a test substance can be contacted with 
such a host cell and the calcium ion uptake by the cell can be measured. A test 
substance which blocks calcium ion uptake by the cell is identified as a candidate 
drug for treating or preventing epilepsy. Methods for measuring calcium uptake are 
known in the art, and any such method may be used for drug identification. See for 
example, Lee etal t J. Neuroscience iP;1912-21, 1999. 

The following examples are provided to demonstrate how the invention was 
made. However, the subject matter of the invention is not limited to any particular 
method of making the claimed polypeptides, proteins, vectors, and host cells. 

EXAMPLES 

Example 1 

Analysis of sequence produced by the Human Chromosome 22 Sequencing 
Group at the Sanger Centre revealed putative exons of a T a l subunit gene in three 
overlapping clones of a human genomic DNA library mapping to 22ql 2.3-1 3.2: 
dJl 104E15 (AL022312), dJ206C7 (AL008716) and dJ172B20 (AL022319). tblastn 
alignment with the ctiG (AF027984) or afl (AF051946) amino-acid (aa) sequence 
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identified 26 exons; FEX analysis, another six; and inspection of upstream sequence, 
a candidate exon encoding the N-terrninus. Potential polyadenylation signals were 
located with POLYAH. Putative exons were assembled into a provisional cDNA 
sequence and primers for polymerase chain reaction (PCR)-amplification of 
5 overlapping portions of the cDN A were designed with OLIGO (National 

Biosciences). 

PCR screening of a multiple-tissue cDNA panel (Clontech #K14201) revealed 
15 brain as the most abundant cDNA source. Hence, human brain cDNA (Clontech 

#74001) served as template in subsequent PCRs. The predominant (and in some 
10 cases secondary) product of each PCR was recovered on a spin-column (Qiagen 

#28704) after agarose gel electrophoresis, eluted in water and submitted for 
sequencing. Exon boundaries were determined by comparison of the cDNA and 
genomic sequences; ambiguity was resolved by matching potential donors and 
acceptors to consensus sequences. 
25 15 Fig, 1 shows 28 of the 49 overlapping PCR products (top) that contributed to 

the cDNA sequence. Also pictured are exon maps of the cDNA (middle) and the 
gene (bottom). CACNA1I consists of at least 37 exons distributed over at least 
1 16,390 basepairs (bp). Most PCRs yielded a single product suggesting constitutive 
splicing of 33 exons (colored gray or black in the cDNA and genomic maps). Certain 
20 PCRs, however, yielded multiple products (Interrupted black bars), indicative of 

alternative splicing. PCRs spanning the 105-nucleotide (nt) exon 9 (red), for 
35 example, yielded two products, (14 and +14; thus, exon 9 is a cassette exon subject 

to type A alternative splicing. Sequencing of PCR products spanning exon 33 
revealed that exon 33 harbors an internal acceptor that leads to type C alternative 
25 splicing and deletion of 39 nt at the 5' end of the exon defined as exon 33 A (orange). 
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Sequence analysis suggested the possibility of alternative 3 ' exons. Indeed, 
PCR-amplification of brain cDNA followed by sequencing showed two forms with 
substantially different 3' termini. In the first form, both exon 36A and 36B (green) 
are part of the mature mRNA. Exon 37 (blue) is presumably lost as a result of 
30 polyadenylation and cleavage at a site 686 bp downstream of the stop codon in exon 

36B. In the second form, splicing between an alternative donor internal to exon 36 
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and the acceptor 5' of exon 37 leads to substitution of exon 36B with exon 37. The 
polyadenylation signal of exon 37 has not been identified. 

Introns 2 - 8 and 1 1 - 35 are common U2type GTAG introns. The donors of 
introns 9 and 10 begin with the dinucleotide GC. Intron 1, like its counterparts in 
5 CACNA1G, CACNA1H (unpublished observations), and CACNAIA, is a rare 

U12type AT AC intron. Exon 1 includes at least 709 bp of 5' untranslated region and 
the putative start codon. 

Fig. 2 shows a schematic of the deduced protein product. Sequence alignment 
with other members of the a x subunit family suggests a transmembrane topology with 

10 four domains (D 1 - D4), each consisting of six membrane-spanning segments, a pore 

loop and cytoplasmic and extracellular connecting loops. The domains are linked by 
interdomain loops (ID 12, ID23, ID34), which, along with the amino- (N) and 
carboxyl- (C) tennini, reside in the cytoplasm. Six of the 35 a,I splice sites (black 
bars) are conserved in the other a t subunits studied to date, a 1A) ct lc> cc 3D , a 1F , a IS , 

15 cti G and a 1H and another three are located within nine nucleotides in the multiple 

sequence alignment (purple bars). Seventeen of the splice sites (green bars) are in 
identical locations in the other T subunits, but are not conserved in non-T subunits. 
Only nine splice sites (pink bars) are unique to aj; these sites join exons that 
contribute to the cytoplasmic ID 1-2, 1D2-3 and C-terminus. As indicated by residue 

20 color-coding, cc^is quite similar to the two other human T cl x subunits in its 

membrane-spanning segments — 84% of residues are identical and 92% have 
similarity scores ( 4 (see legend). Likewise, the pore loops and ID34 are similar. 
Apart from islands of similarity, the large extracellular loop of Dl, the N- and 
C-termini and ID12 and ID23 differ from their counterparts in a 1Q and ai H . Five 

25 potential JV-glycosylation sites in putative extracellular portions of the protein and 28 

potential phosphorylation sites in putative cytoplasmic portions were identified with 
PROSITE. Although some of the potential phosphorylation sites are conserved 
among the T a x subunits, the majority are unique to « u . Seventeen extracellular 
cysteines, including six conserved in all ten reported human a, subunits (black and 
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purple hooks) and nine conserved among T a x subunits (green hooks), may play a 
role in maintaining proper conformation of the extracellular portions of the protein. 

Regions derived from portions of the RNA subject to alternative processing 
are highlighted with a blue background. The shortest predicted product 
(A9A33 AA37) has 1,968 aa residues; the longest (A36B), 2,223 aa residues. The 
reported rat orthologue corresponds to the human A9A36B variant with a few 
differences. Exon 32 of the human gene lacks an 18-aa stretch of cysteines, glycines 
and prolines found in rat (arrow). In addition, 40 nt of exon 34 are deleted in the rat 
sequence. This leads to a frameshift and early termination of the rat aa sequence. In 
addition, the published rat sequence contains sequencing errors in exon 35. 

T currents display heterogeneity of biophysical and pharmacological properties 
and subcellular localization. Identification of multiple T a l subunit genes reveals one 
likely source of heterogeneity. Indeed, heterologous expression experiments 
demonstrate biophysical differences among the isoforms. The molecular diversity 
generated by alternative splicing of T a t subunit genes has the potential to yield 
additional functional diversity. CACNAH 'is subject to alternative splicing in at least 
two exons while CACNA1G undergoes alternative splicing in at least six (unpublished 
observations). Variation in channel phosphorylation and isoform-specific 
interactions with other proteins may also contribute to diversity. Knowledge of the 
a u aa sequence and its variants will allow explicit tests of these ideas. 

EXAMPLE 2 

The human chromosome 17 genomic DNA of clone hCIT,22_K_21 
(AC004590, Whitehead Institute/MIT Center for Genome Research) appeared to 
include most or all of CACNAJG, a gene encoding the T Ca 2+ channel a, Q subunit. 
Thirty-four probable exons were identified by blastn alignment with the rat cc 1G 
cDNA sequence (AF027984). Four potential polyadenylation signals were located by 
blastn alignment with sequences (R40146, R43876, R43935, R46109) derived from 
the 3' end of infant brain cDNA clones. A provisional cDNA sequence was 
assembled and primers for polymerase chain reaction (PCR)-amplification of 
overlapping portions of human brain cDNA (Clontech #74001) were designed with 
OLIGO (National Biosciences). 
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PCR products were fractionated by agarose-gel electrophoresis. When 
adequately resolved, individual products were cut from the gel, recovered on a 
spin-column (Qiagen #28704), eluted in water and submitted for sequencing. When 
resolution was incomplete, DNA was recovered from the gel for cloning into 
5 pCRA2. 1 -TOPO (Invitrogen #K4500-0 1). Insert DNA was PCR-amplified from 

overnight cultures of white colonies, purified by agarose-gel electrophoresis and 
submitted for sequencing. Exon boundaries were determined by comparison of the 
15 cDN A and genomic sequences; ambiguity was resolved by matching potential donors 

and acceptors to consensus sequences. All reported splice variants were observed in 
10 at least two independent PCRs. 

Fig. 3 shows 25 of the 83 overlapping PCR products (top, black bars) that 
contributed to the cDNA sequence (AF134985, AF134986). Also pictured are exon 
maps of the cDNA (middle) and the gene (bottom). CACNA IG consists of at least 
38 exons distributed over at least 66,490 basepairs (bp). Thirty-four exons have 
25 15 conterparts in the rat cDNA sequence ; exons 14, 26, 34 and 35 are newly-identified. 

Most PCRs yielded a single product suggesting constitutive splicing of 32 exons 
(colored gray or black in the cDNA and genomic maps). Certain PCRs, however, 
yielded multiple products (interrupted black bars), indicative of alternative splicing. 
PCRs spanning the 69-nucleotide (nt) exon 14 (brown), for example, yielded two 
20 products, A 14 and +14; thus, exon 14 is a cassette exon subject to type A alternative 

splicing. PCRs spanning cassette exons 34 (144 nt) and 35 (135 nt) yielded three 
35 products (A34A35, +34A35 and +34+35); the A34+35 product was not detected. 

Sequencing of PCR products spanning exons 25 and 26 revealed that exon 25 
harbors an internal donor that leads to type D alternative splicing and deletion of 21 
25 nt at the 3 ' end of the exon (defined as exon 25B, red); the 54-nt exon 26 (blue) is a 

cassette exon. Exons 25B and 26 appear to be mutually exclusive in that only 
A25B+26 and +25BA26 variants were detected. Sequence data also demonstrated 
that a 237-nt, protein-coding portion of exon 38 (defined as exon 38B, green) could 
be excised as an intron (type E alternative splicing ). Additional evidence for 
30 alternative processing of the human a 1Q RNA comes from four clones of a 

normalized, oligo(dT>primed infant brain cDNA library. Sequence derived from 
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these clones (red bars), suggests two polyadenylation sites: an upstream site 321 nt 3' 
to the stop codon and a downstream site 719 nt 3' to the stop codon. Cleavage at 
the upstream site would delete 398 nt of the mRNA, defined as exon 38D (purple). 
Exon 1 includes at least 432 bp of 5' untranslated region and the putative start 
codon. Introns 2-37 are common U2type GTAG introns. Intron 1, like its 
counterparts in CACNAIH (unpublished observations), CACNAJJ (submitted), and 
CACNAJAy is a rare U12type ATAC intron. 



Fig. 4 shows a schematic of the deduced protein products encoded by 
CACNA1G. Like other members of the a L subunit family, <x 1G has a proposed 
10 transmembrane topology with four domains (D 1 - D4), each consisting of six 

20 membrane-spanning segments, a pore loop and cytoplasmic and extracellular 

connecting loops. The domains are linked by interdomain loops (ID12, ID23, ID34), 
which, along with the amino- (N) and carboxyl- (C) termini, reside in the cytoplasm. 
Regions derived from portions of the RNA subject to alternative splicing are 
15 highlighted with a blue background, with mutually-exclusive exons 25B and 26 

placed side-by-side. The shortest predicted product (A14+25BA26A34A35A38B) 
has 2,171 amino-acid (aa) residues; the longest (+14A25B+26+34+35+38B), 2,377 
30 aa residues. The reported rat a IQ aa sequence corresponds to the human 

(14+25BA26A34A35+38B splice variant and is 93% identical. Additional features of 
20 the a 1G protein product including residue similarity to the other T a, subunits, 

comparison of splice sites and sites of potential post-translational modification are 
shown in Fig. 2 and described in the legend. 



Six CACNAJG exons undergo alternative splicing, leading to a possible 64 
splice variants. Analysis of M-length PCR products is underway to determine 
25 relative splice-variant abundance. Of note, all potential variants maintain the open 

reading frame, leave the transmembrane topology intact and, hence, could be 
translated into plausible protein products. Individual a lG isoforms may play distinct 
45 cellular roles by virtue of differences in biophysical behavior, protein-protein 

interactions, second-messenger-dependent regulation or other isoform- specific 
30 properties. 
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5 Claims; 

1 . An isolated and purified a l0 subunit of human brain T calcium channel 
selected from splice variants 1-64 as shown in Table 1 . 

2 An isolated and purified nucleic acid encoding the a, G subunit of claim 1 . 

10 

5 3 . The isolated and purified nucleic acid of claim 2 which comprises a 

human coding sequence as described in Table 1 . 

4. An isolated and purified polypeptide which comprises a translated exon 
15 selected from the group consisting of 1-38D as shown in Table 2. 

5. An isolated and purified nucleic acid which comprises an exon selected 
10 from the group consisting of 1 -38D as shown in Table 2. 

6 An isolated and purified a u subunit of human brain T calcium channel 

20 '. 

selected from splice variants 1 -8 as shown in Table 3 . 

7. An isolated and purified nucleic acid encoding the a n subunit of claim 6. 

8. The isolated and purified nucleic acid of claim 7 which comprises a 
25 15 human coding sequence as described in Table 3. 

,9. An isolated and purified polypeptide which comprises a translated exon 
selected from the group consisting of 1-37 as shown in Table 4. 

10. An isolated and purified nucleic acid which comprises an exon selected 



from the group consisting of 1-37 as shown in Table 4, 





20 


11. 


An expression vector comprising the nucleic acid of claim 2. 






12. 


An expression vector comprising the nucleic acid of claim 3 . 


35 




13. 


An expression vector comprising the nucleic acid of claim 7. 






14. 


An expression vector comprising the nucleic acid of claim 8. 






15. 


A host cell comprising an expression vector according to claim 1 1 . 


40 


25 


16. 


A host cell comprising an expression vector according to claim 12. 






17. 


A host cell comprising an expression vector according to claim 13. 






18. 


A host cell comprising an expression vector according to claim 14. 






19. 


A method to identify candidate drugs for treating epilepsy, comprising 


45 




the steps of: 




30 




contacting a cell according to claim 15 with a test substance; 
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measuring uptake by the cell of calcium ions, wherein a test substance 
which inhibits the uptake by the cell of calcium ions is identified as a candidate drug 
for treating epilepsy, 

20. A method to identify candidate drugs for treating epilepsy, comprising 

the steps of: 

contacting a cell according to claim 16 with a test substance; 

measuring uptake by the cell of calcium ions, wherein a test substance 
which inhibits the uptake by the cell of calcium ions is identified as a candidate drug 
for treating epilepsy. 

21 A method to identify candidate drugs for treating epilepsy, comprising 

the steps of: 

contacting a cell according to claim 17 with a test substance; 
measuring uptake by the cell of calcium ions, wherein a test substance 
which inhibits the uptake by the cell of calcium ions is identified as a candidate drug 
for treating epilepsy. 

22. A method to identify candidate drugs for treating epilepsy, comprising 

the steps of: 

contacting a cell according to claim 18 with a test substance; 

measuring uptake by the cell of calcium ions, wherein a test substance 
which inhibits the uptake by the cell of calcium ions is identified as a candidate drug 
for treating epilepsy. 
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SEQUENCE LISTING 

<110> Mittman, Scott 
Agnew, William 

<120> Human Brain T Calcium Channel Alpha 
Subunit Splice Variants 

<130> 01107.81105 

<160> 164 

<170> FastSEQ for Windows Version 3.0 

<210> 1 

<211> 242 

<212> DNA 

<213> Homo sapiens 

<400> 1 

atggacgagg aggaggatgg agcgggcgcc gaggagtcgg gacagccccg gagcttcatg 60 

cggctcaacg acctgtcggg ggccgggggc cggccggggc cggggtcagc agaaaaggac 120 

ccgggcagcg cggactccga ggcggagggg ctgccgtacc cggcgctggc cccggtggtt 180 

ttcttctact tgagccagga cagccgcccg oggagctggt gtctccgcac ggtctgtaac 240 

cc 242 

<210> 2 

<211> 112 

<212> DNA 

<213> Homo sapiens 

<400> 2 

ctggtttgag cgcatcagca tgttggtcat ccttctcaac tgcgtgaccc tgggcatgtt 60 
ccggccatgc gaggacatcg cctgtgactc ccagcgctgc cggatcctgc ag 112 

<210> 3 

<211> 134 

<212> DNA 

<213> Homo sapiens 

<400> 3 

gcctttgatg acttcatctt tgccttcttt gccgtggaga tggtggtgaa gatggtggcc 60 

ttgggcatct ttgggaaaaa gtgttacctg ggagacactt ggaaccggct tgactttttc 120 

atcgtcatcg cagg 134 

<210> 4 

<211> 98 

<212> DNA 

<213> Homo sapiens 

<400> 4 

gatgctggag tactcgctgg acctgcagaa cgtcagcttc tcagctgtca ggacagtccg 60 
tgtgctgcga ccgctcaggg ccattaaccg ggtgccca 98 
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<210> 5 

<211> 160 

<212> DNA 

<213> Homo sapiens 

<400> 5 



60 



gcatgcgcat ccttgtcacg ttgctgctgg atacgctgcc catgctgggc aacgtcctgc 
tgctctgctt cttcgtcttc ttcatcttcg gcatcgtcgg cgtccagctg tgggcagggc 120 
tgcttcggaa ccgatgcttc ctacctgaga atttcagcct 160 

<210> 6 

<211> 301 

<212> DNA 

<213> Homo sapiens 

<400> 6 

ccccctgagc gtggacctgg agcgctatta ccagacagag aacgaggatg agagcccctt 60 
catctgctcc cagccacgcg agaacggcat gcggtcctgc agaagcgtgc ccacgctgcg 120 
cggggacggg ggcggtggcc caccttgcgg tctggactat gaggcctaca acagctccag 180 
caacaccacc tgtgtcaact ggaaccagta ctacaccaac tgctcagcgg gggagcacaa 240 
ccccttcaag ggcgccatca actttgacaa cattggctat gcctggatcg ccatcttcca 
9 



300 
301 



<210> 7 

<211> 93 

<212> DNA 

<213> Homo sapiens 

<400> 7 

gtcatcacgc tggagggctg ggtcgacatc atgtactttg tgatggatgc tcattccttc 60 
tacaatttca tctacttcat cctcctcatc ate 93 

<210> 8 

<211> 784 

<212> DNA 

<213> Homo sapiens 

<400> 8 

gtgggctcct tcttcatgat caacctgtgc ctggtggtga ttgccacgca gttctcagag 60 

accaagcagc gggaaageca getgatgegg gagcagegtg tgcggttect gtccaacgcc 120 

agcaccctgg ctagcttctc tgagcccggc agetgetatg aggagctget caagtacctg 180 

gtgtacatcc ttegtaagge agcccgcagg ctggctcagg tctctcgggc agcaggtgtg 240 

cgggttgggc tgctcagcag cccagcaccc ctcgggggcc aggagaccca gcccagcagc 300 

agctgctctc gctcccaccg ccgcctatcc gtccaccacc tggtgcacca ccaccaccac 360 

catcaccaec actaccacct gggcaatggg aegctcaggg ccccccgggc cagcccggag 420 

atccaggaca gggatgccaa tgggtcccgc aggctcatgc tgccaccacc ctcgacgcct 480 

gccctctccg gggccccccc tggtggcgca gagtctgtgc acagcttcta ccatgccgac 540 

tgecacttag agccagtccg ctgccaggcg ccccctccca ggtccccatc tgaggcatcc 600 

ggcaggactg tgggcagegg gaaggtgtat cccaccgtgc acaccagccc tccaccggag 660 

aegctgaagg agaaggcact agtagaggtg gctgccagct ctgggccccc aaccctcacc 720 

agcctcaaca tcccacccgg gccctacagc tccatgcaca agctgctgga gacacagagt 780 

acag 784 

<210> 9 
<211> 377 



WO 00/70044 



PCT/US00/H383 



<212> DNA 

<213> Homo sapiens 

<:400> 9 

gtgcctgcca aagctcttgc aagatctcca gcccttgctt gaaagcagac agtggagcct 60 

gtggtccaga cagctgcccc tactgtgccc gggccggggc aggggaggtg gagctcgccg 120 

accgtgaaat gcctgactca gacagcgagg cagtttatga gttcacacag gatgcccagc 180 

acagcgacct ccgggacccc cacagccggc ggcaacggag cctgggccca gatgcagagc 24 0 

ccagctctgt gctggccttc tggaggctaa tctgtgacac cttccgaaag attgtggaca 300 

gcaagtactt tggccgggga atcatgatcg ccatcctggt caacacactc agcatgggca 360 
tcgaatacca cgagcag , 

<210> 10 

<211> 152 

<212> DNA 

<213> Homo sapiens 

<400> 10 

cccgaggagc ttaccaacgc cctagaaatc agcaacatcg tcttcaccag cctctttgcc 60 

ctggagatgc tgctgaagct gcttgtgtat ggtccctttg gctacatcaa gaatccctac 120 

aacatcttcg atggtgtcat tgtggtcatc ag 152 

<210> 11 

<211> 186 

<212> DNA 

<213> Homo sapiens 

c400> 11 

cgtgtgggag atcgtgggcc agcagggggg cggcctgtcg gtgctgcgga ccttccgcct 60 

gatgcgtgtg ctgaagctgg tgcgcttcct gccggcgctg cagcggcagc tggtggtgct 120 

catgaagacc atggacaacg tggccacctt ctgcatgctg cttatgctct tcatcttcat 180 

cttcag 186 

<210> 12 

<211> 115 

<212> DNA 

<213> Homo sapiens 

<400> 12 

catcctgggc atgcatctct tcggctgcaa gtttgcctct gagcgggatg gggacaccct 60 
gccagaccgg aagaattttg actccttgct ctgggccatc gtcactgtct ttcag 115 

<210> 13 

<211> 156 

<212> DNA 

<213> Homo sapiens 

<400> 13 

atcctgaccc aggaggactg gaacaaagtc ctctacaatg gtatggcctc cacgtcgtcc 60 

tgggcggccc tttatttcat tgccctcatg accttcggca actacgtgct cttcaatttg 120 

ctggtcgcca ttctggtgga gggcttccag gcggag 156 

<210> 14 
<211> 69 
<212> DNA 
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60 
69 



<213> Homo sapiens 
<400> 14 

gaaatcagca aacgggaaga tgcgagtgga cagttaagct gtattcagct gcctgtcgac 
tcccagggg 

<210> 15 
<211> 85 
<212> DNA 

<213> Homo sapiens 
<400> 15 

ggagatgcca acaagtccga atcagagccc gatttcttct cacccagcct ggatggtgat 60 
ggggacagga agaagtgctt ggcct 85 

<210> 16 
<2il> 194 
<212> DNA 

<213> Homo sapiens 
<400> 16 

tggtgtccct gggagagcac ccggagctgc ggaagagcct gctgccgcct c tea tea tec 60 
acacggccgc cacacccatg tcgctgccca agagcaccag cacgggcctg ggegaggege 120 
tgggccctgc gtcgcgccgc accagcagca gegggtegge agagcctggg gcggcccacg 180 
agatgaagtc accg 194 

<210> 17 
<211> 432 
<212> DNA 

<213> Homo sapiens 
<400> 17 

cccagcgccc gcagctctcc gcacagcccc tggagcgctg caagcagctg gaccagcagg 60 
cgctccagcc ggaacagect cggccgtgca cccagcctga ageggagaag cccaagtgga 120 
gageggeggt ccctgttgtc gggagaaggc caggagagee aggatgaaga ggagagctca 180 
gaagaggagc gggccagccc tgcgggcagt gaccatcgcc acagggggtc ectggagegg 240 
gaggecaaga gttcctttga cctgccagac acactgeagg tgecaggget gcatcgcact 300 
gccagtggcc gagggtctgc ttctgagcac caggactgea atggcaagtc ggcttcaggg 360 
cgcctggccc gggcccfcgcg gectgatgae cccccactgg atggggatga cgccgatgac 420 
gagggcaacc tg 432 

<210> 18 

<2ll> 101 

<212> UNA 

<213> Homo sapiens 

<400> 18 

agcaaagggg aacgggtccg cgcgtggatc cgagcccgac tccctgcctg ctgcctcgag 60 
cgagactcct ggtcagecta catcttccct cctcagtcca g 101 

<210> 19 

<211> 124 

<212> DNA 

<213> Homo sapiens 
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<400> 19 

gttccgcctc ctgtgtcacc ggatcatcac ccacaagatg ttcgaccacg tggtccttgt 60 

catcatcttc cttaactgca tcaccatcgc catggagcgc cccaaaattg acccccacag 120 

cgct 124 

<210> 20 

<211> 69 

<212> DNA 

<213> Homo sapiens 

<400> 20 

gaacgcatct tcctgaccct ctccaattac atcttcaccg cagtctttct ggctgaaatg 60 
acagtgaag 69 

<210> 21 

<2ll> 185 

<212> DNA 

<213> Homo sapiens 

<400> 21 

gtggtggcac tgggctggtg cttcggggag caggcgtacc tgcggagcag ttggaacgtg 60 

ctggacgggc tgttggtgct catctccgtc atcgacattc tggtgtccat ggtctctgac 120 

agcggcacca agatcctggg catgctgagg gtgctgcggc tgctgcggac cctgcgcccg 180 

ctcag 185 

<210> 22 

<21L> 127 

<212> DNA 

<213> Homo sapiens 

<400> 22 

ggtgatcagc cgggcgcagg ggctgaagct ggtggtggag acgctgatgt cctcactgaa 60 

acccatcggc aacattgtag tcatctgctg tgccttcttc atcattttcg gcatcttggg 120 

ggtgcag 127 

<210> 23 

<211> 126 

<212> DNA 

<213> Homo sapiens 

<400> 23 

ctcttcaaag ggaagttttt cgtgtgccag ggcgaggata ccaggaacat caccaataaa 60 

tcggactgtg ccgaggccag ttaccggtgg gtccggcaca agtacaactt tgacaacctt 120 

ggccag 126 

<210> 24 

<211> 90 

<212> DNA 

<213> Homo sapiens 

<400> 24 

gccctgatgt ccctgttcgt tttggcctcc aaggatggtt gggtggacat catgtacgat 60 
gggctggatg ctgtgggcgt ggaccagcag 90 

<210> 25 
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<211> 193 
<212> DNA 
<213> Homo sapiens 

<400> 25 

cccatcatga accacaaccc ctggatgctg ctgtacttca tctcgttcct gctcattgtg 60 
gccttctttg tcctgaacat gtttgtgggt gtggtggtgg agaacttcca caagtgtcgg 12 0 
cagcaccagg aggaagagga ggcccggcgg cgggaggaga agcgcctacg aagactggag 18 0 

aaaaagagaa gga 

<210> 26 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 26 

gtaaggagaa gcagatggct g 21 

<210> 27 

<211> 54 

<212> DNA 

<213> Homo sapiens 

<400> 27 

atctaatgct ggacgatgta attgcttccg gcagctcagc cagcgctgcg tcag S4 

<210> 28 
<211> 152 
<212> DNA 

<213> Homo sapiens j 
<400> 28 

aagcccagtg caaaccttac tactccgact actcccgctt ccggctcctc gtccaccact 60 
tgtgcaccag ccactacctg gacctcttca tcacaggtgt catcgggctg aacgtggtca 120 
ccatggccat ggagcactac cagcagcccc ag 152 

<210=» 29 

<211> 110 

<212> DNA 

<213> Homo sapiens 

<400> 29 

attctggatg aggctctgaa gatctgcaac tacatcttca ctgtcatctt tgtcttggag 60 
tcagttttca aacttgtggc ctttggtttc cgtcggttct tccaggacag 110 

<210> 30 

<211=- 134 

<212> DNA 

<213> Homo sapiens 

<40O> 30 

gtggaaccag ctggacctgg ccattgtgct gctgtccatc atgggcatca cgctggagga 60 
aatcgaggtc aacgcctcgc tgcccatcaa ccccaccatc atccgcatca tgagggtgct 120 
gcgcattgcc cgag 
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<210> 31 
<211> 71 
<212> DNA 

<213> Homo sapiens 
<400> 31 

tgctgaagct gctgaagatg gctgtgggca tgcgggcgct gctggacacg gtgatgcagg 60 
ccctgcccca g 71 

<210> 32 

<2ll> 79 

<212> DNA 

<213> Homo sapiens 

<400> 32 

gtggggaacc tgggacttct cttcatgttg ttgtttttca tctttgcagc tctgggcgtg 60 
gagctctttg gagacctgg 79 

<210> 33 

<211> 122 

<212> DNA 

<213> Homo sapiens 

<400> 33 

agtgtgacga gacacacccc tgtgagggcc tgggccgtca tgccaccttt cggaactttg SO 

gcatggcctt cctaaccctc ttccgagtct ccacaggtga caattggaat ggcattatga 120 

ag 122 

<210> 34 

<211> 354 

<212> DNA 

<213> Homo sapiens 

<400> 34 

gacaccctcc gggactgtga ccaggagtcc acctgctaca acacggtcat ctcgcctatc 60 

tactttgtgt ccttcgtgct gacggcccag ttcgtgctag tcaacgtggt gatcgccgtg 120 

ctgatgaagc acctggagga gagcaacaag gaggccaagg aggaggccga gctagagget 180 

gagctggagc tggagatgaa gaccctcagc ccccagcccc actcgccact gggcagcccc 240 

ttcctctggc ctggggtcga gggccccgac agccccgaca gccccaagcc tggggctctg 300 

cacccagcgg cccacgcgag atcagcctcc cacttttccc tggagcaccc cacg 354 

<210> 35 

<2XX> 144 

<212> DNA 

c213> Homo sapiens 



<400> 35 

gacaggcagc tgtttgacac catatccctg ctgatccagg gctccctgga gtgggagctg 
aagctgatgg acgagctggc aggcccaggg ggccagccct ctgccttccc ttctgccccc 
agcctgggag gctccgaccc acag 



60 
120 
144 



<210> 36 
<211> 135 
<212> DNA 



<213> Homo sapiens 
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<400> 36 

atccctctag ctgagatgga ggctctgtct ctgacgtcag agattgtgtc tgaaccgtcc 6 0 

tgctctctag ctctgacgga tgactctttg cctgatgaca tgcacacact cttacttagt 120 

gccctggaga gcaat 135 



<210> 37 

<211> 169 

<212> DNA 

<213> Homo sapiens 

<400> 37 

atgcagcccc accccacgga gctgccagga ccagacttac tgactgtgcg gaagtctggg 60 

gtcagccgaa cgcactctct gcccaatgac agctacatgt gtcggcatgg gagcactgcc 120 

gaggggcccc tgggacacag gggctggggg ctccccaaag ctcagtcag 169 

<210> 38 

<211> 170 

<2%2> DNA 

<213> Homo sapiens 

<400> 38 

gctccgtctt gtccgttcac tcccagccag cagataccag ctacatcctg cagcttccca 60 

aagatgcacc teat ct get c cagccccaca gcgccccaac ctggggcacc atccccaaac 120 

tgcccccacc aggacgctcc cctttggctc agaggecact caggcgccag 170 

<210> 39 

<211> 66 

<212> DNA 

<213> Homo sapiens 

<400> 39 

gcagcaataa ggactgactc cttggacgtt cagggtctgg geagceggga agacctgetg 60 
gcagag 66 

<210> 40 

<211> 237 

<212> DNA 

<213> Homo sapiens 

<400> 40 

gtgagtgggc cctccccgcc cctggcccgg gcctactctt tetggggeca gtcaagtacc 60 

caggcacagc agcactcccg cagccacagc aagatctcca agcacatgac cccgccagcc 120 

ccttgcccag gcccagaacc caactggggc aagggccctc cagagaccag aagcagctta ISO 

gagttggaca eggagctgag ctggatttca ggagacctcc tgccccctgg eggecag 237 

<210> 41 

<211> 753 

<212> DNA 

<213> Homo sapiens 

<400> 41 

gaggagcccc catccccacg ggacctgaag aagtgctaca gcgtggaggc ccagagctgc 60 

cagcgccggc ctacgtcctg gctggatgag cagaggagac actctatcgc cgtcagctgc 120 

ctggacagcg gctcccaacc ecacctgggc acagacccct ctaaccttgg gggccagcct 180 

cttggggggc ctgggagccg geccaagaaa aaactcagcc cgectagtat caccatagac 240 
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ccccccgaga gccaaggtcc tcggaccccg cccagccctg gtatctgcct ccggaggagg 300 

gctccgtcca gcgactccaa ggatcccttg gcctctggcc cccctgacag catggctgcc 360 

tcgccctccc caaagaaaga tgtgctgagt ctctccggtt tatcctctga cccagcagac 420 

ctggacccct gagtcctgcc ccactttccc actcaccttt ctccactggg tgccaagtcc 480 

tagctcctcc tcctgggcta tattcctgac aaaagttcca tatagacacc aaggaggcgg 540 

aggcgctcct ccctgcctca gtggctctgg gtacctgcaa gcagaacttc caaagagagt 600 

taaaagcagc agccccggca actctggctc caggcagaag gagaggcccg gtgcagctga 660 

ggttcccgac accagaagct gttgggagaa agcaatacgt ttgtgcagaa tctctatgta 720 

tattctattt tattaaatta attgaatcta gta 753 

<210> 42 

<211> 402 

<2l2> DNA 

<213> Homo sapiens 

<400> 42 

tatgcgggat gtacgacatt ttgtgactga agagacttgt ttccttctac ttttatgtgt 60 

ctcagaatat ttttgaggcg aaggcgtctg tctcttggct attttaacct aaaataacag 120 

tctagttata ttccctcttc ttgcaaagca caagctggga ccgcgagcac attgcagccc 180 

caacggtggc ccatcttcag cggagagcga gaaccatttt ggaaactgta atgtaactta 240 

ttttttcctt taacctcgtc atcattttct gtagggaaaa aaaaaagaaa aagaaaaaat 300 

gagattttac aagtgaaatg gaaccttttt atatatacat acatacatat ctatctatct 360 

atctatatat atataaaata aagtaatttt cctaaataaa aa 402 

<210> 43 

<211> 236 

<212> DNA 

<213> Homo sapiens 

<400> 43 

atggctgaga gcgcctcccc gccctcctca tctgcagcag ccccagccgc tgagccagga 60 

gtcaccacgg agcagcccgg accccggagc cccccatcct ccccgccagg cctggaggag 120 

cctctggatg gagctgatcc tcatgtccca cacccagacc tggcgcctat tgccttcttc 180 

tgcctgcgac agaccaccag cccccggaac tggtgcatca agatggtgtg caaccc 236 

<210> 44 

<211> 112 

<212> DNA 

<213> Homo sapiens 

<400> 44 

gtggtttgaa tgtgtcagca tgctggtgat cctgctgaac tgcgtgacac ttggcatgta 60 
ccagccgtgc gacgacatgg actgcctgtc cgaccgctgc aagatcctgc ag 112 

<210> 45 

<211> 134 

<212> DNA 

<213> Homo sapiens 

<400> 45 

gtctttgatg acttcatctt tatcttcttt gccatggaga tggtgctcaa gatggtggcc 60 

ctggggattt ttggcaagaa gtgctacctc ggggacacat ggaaccgcct ggatttcttc 120 

atcgtcatgg cagg 134 

<210> 46 
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<211> 9B 

<212> DNA 

<2l3> Homo sapiens 



<400> 46 

gatggtegag tactccctgg accttcagaa catcaacctg 
cgtcctgagg cccctcaaag ccatcaaccg cgtgccca 



tcagccatcc gcaccgtgcg 



60 
98 



<210> 47 
<211> 160 
<212> DNA 

<213> Homo sapiens 
<400> 47 

gtatgcggat cctggtgaac ctgctcctgg acacactgcc catgctgggg aatgtcctgc 60 
tgctctgctt ctttgtcttc ttcatctttg gcatcatagg tgtgcagctc tgggcgggcc 120 
tgctgcgtaa ccgctgcttc ctggaggaga acttcaccat 160 

<210> 48 

<211> 316 

<212> DNA 

<213> Homo sapiens 



<210> 49 

<211> 93 

<212> DNA 

<213> Homo sapiens 

<400> 49 

gtgatcactc tggaaggctg ggtggagatc atgtactacg tgatggatgc tcactccttc 60 
tacaacttca tctacttcat cctgcttatc ata 93 

<:210> SO 

<211> 313 

<212> DNA 

<213> Homo sapiens 



<400> 48 



acaaggggat gtggccttgc ccccatacta ccagccggag 
catctgctcc ctgtcgggcg acaatgggat aatgggctgc 
ggagcagggc cgtgagtgct gcctgtecaa ggacgacgtc 
ccaggacctc aatgccagcg gcctctgtgt caactggaac 
cacgggcagc gccaaccccc acaagggtgc catcaacttt 
gattgtcatc ttccag 



gaggatgatg agatgccctt 
catgagatcc ccccgctcaa 
tacgactttg gggcggggcg 
cgttactaca atgtgtgccg 
gacaacatcg gttatgcttg 



60 
120 
180 
240 
300 
316 



<400> 50 



gtgggctcct tcttcatgat caacctgtgc ctcgttgtca 
accaagcaac gggagcaccg gctgatgctg gagcagcggc 
acggtggcca gctacgccga gcctggcgac tgctacgagg 
cacatcctgc gcaaggccaa gcgccgcgcc ctgggcctct 
cgccaggccc tgggccogga ggccccggcc cccgccaaac 
ccccggcact acc 



tagcgaccca gttctcggag 
agcgctacct gtcctccagc 
agatcttcca gtatgtctgc 
accaggccct gcagagccgg 
ctgggcccca cgccaaggag 



60 
120 
180 
240 
300 
313 



<210> 51 
<211> 105 
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<212> DNA 

<213> Homo sapiens 

<400> Bl 

atgggaagac taagggtcag ggagatgaag ggagacatct cggaagccgg cattgccaga 60 
ctttgcatgg gcctgcctcc cctggaaatg atcactcggg aagag 105 

<210> 52 

<211> 425 

<212> DNA 

<213> Homo sapiens 

<400> 52 

agctgtgccc gcaacatagc cccctggatg cgacgcccca caccctggtg cagcccatcc 60 

ccgccacgct ggcttccgat cccgccagct gcccttgctg ccagcatgag gacggccggc 120 

ggccctcggg cctgggcagc accgactcgg gccaggaggg ctcgggctcc gggagctccg 180 

ctggtggcga ggacgaggcg gatggggacg gggcccggag cagcgaggac ggagcctcct 240 

cagaactggg gaaggaggag gaggaggagg agcaggcgga tggggcggtc tggctgtgcg 300 

gggatgtgtg gcgggagacg cgagccaagc tgcgcggcat cgtggacagc aagtacttca 360 

accggggcat catgatggcc atcctggtca acaccgtcag catgggcatc gagcaccacg 420 

agcag 425 

<210> S3 

<211> 152 

<212> DNA 

<213> Homo sapiens 

<400> 53 

ccggaggagc tgaccaacat cctggagatc tgcaatgtgg tcttcaccag catgtttgcc 60 

ctggagatga tcctgaagct ggctgcattt gggctcttcg actacctgcg taacccctac 120 

aacatcttcg acagcatcat tgtcatcatc ag 152 

<210> 54 

<211> 186 

<212> DNA 

<213> Homo sapiens 

<400> 54 

catctgggag atcgtggggc aggcggacgg tgggctgtcg gtgctgcgga ccttccggct 60 

gctgcgcgtg ctgaaactgg tgcgcttcat gcctgccctg cggcgccagc tcgtggtgct 120 

catgaagacc atggacaacg tggccacctt ctgcatgctg ctcatgctct tcatcttcat 180 

cttcag 186 

<210> 55 

<211> 118 

<212> DNA 

<213> Homo sapiens 

<400> 55 

catccttggg atgcatattt ttggctgcaa gttcagcctc cgcacggaca ctggagacac 60 
ggtgcccgac aggaagaact tcgactccct gctgtgggcc atcgtcactg tgttccag 118 

<210> 56 
<211> 156 
<212> DNA 
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<213> Homo sapiens 
<400> 56 

atcctcaccc aggaggactg gaacgtcgtt ctctacaatg gcatggcctc cacttctccc 60 
tgggcctccc tctactttgt cgccctcatg accttcggca actatgtgct cttcaacctg 120 
ctggtggcca tcctggtgga gggcttccag gcggag 156 



<210> 57 
<211> 94 
<212> DNA 
<213> Homo 



sapiens 



<400> 57 

ggtgacgcca atcgctccta ctcggacgag gaccagagct catccaacat agaagagttt 60 
gataagctcc aggaaggcct ggacagcagc ggag 94 

<210> 58 

<211> 203 

<212> DNA 

<213> Homo sapiens 



<400> 58 

atcccaagct ctgcccaatc cccatgaccc ccaatgggca cctggacccc agtcbcccac 60 

tgggtgggca cctaggtcct gctggggctg cgggacctgc cccccgactc tcactgcagc 120 

cggaccccat gctggtggcc ctgggctccc gaaagagcag tgtcatgtct ctagggagga 180 

tgagctatga ccagcgctcc ctg 203 

<210> 59 

<211> 471 

<212> DNA 

<213> Homo sapiens 



<400> 59 

tccagctccc ggagctccta ctacgggcca tggggccgca gcgcggcctg ggccagccgt 60 

cgctccagct ggaacagcct caagcacaag ccgccgtcgg cggagcatga gtccctgctc 120 

tctgcggagc gcggcggcgg cgcccgggtc tgcgaggttg ccgcggacga ggggccgc eg 180 

cgggccgcac ccctgcacac cccacacgcc caccacattc atcacgggcc ccatctggcg 240 

caccgccacc gccaccaccg ccggacgctg tccctcgaca acagggactc ggtggacctg 300 

gecgagctgg tgcccgcggt gggcgcccac ccccgggccg cctggagggc ggcaggcccg 360 

gcccccgggc atgaggactg caatggcagg atgcccagca tegecaaaga cgtcttcacc 420 

aagatgggcg accgegggga tegeggggag gatgaggagg aaatcgacta c 471 

<210> 60 

<211> 101 

<212> DNA 

<213> Homo sapiens 

<400> 60 

accctgtgct tccgcgtccg caagatgatc gaegtctata agcccgactg gtgcgaggtc 60 
cgegaagact ggtctgtcta cctcttctct cccgagaaca g 101 

<210> 61 

<211> 124 

<212> DNA 

<213> Homo sapiens 
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<400> 61 

gttccgggtc ctgtgtcaga ccattattgc ccacaaactc ttcgactacg tcgtcctggc 
cttcatcttt ctcaactgca tcaccatcgc cctggagcgg cctcagatcg aggccggcag 
cacc 

<210> 62 
<21b 69 
<212> DNA 
<213> Homo sapiens 

<400> 62 

gaacgcatct ttctcaccgt gtccaactac atcttcacgg ccatcttcgt gggcgagatg 60 
acattgaag 69 

<210> 63 

<211> 185 

<212> DNA 

<213> Homo sapiens 



60 
120 
124 



<400> 63 

gtagtctcgc tgggcctgta cttcggcgag caggcgtacc tacgcagcag ctggaacgtg 60 

ctggatggct ttcttgtctt cgtgtccatc atcgacatcg tggtgtccct ggcctcagcc 120 

gggggagcca agate ttggg ggtccfcccga gtcttgegge tcctgcgcac cctacgcccc 180 

ctgcg 185 

<210> 64 

<211> 127 

<212> DNA 

<213> Homo sapiens 

<400> 64 

tgtcatcagc cgggcgccgg gectgaaget ggtggtggag acactcatct cctccctcaa 60 

gcccatcggc aacatcgtgc teatctgetg tgccttcttc atcatctttg gcatcctggg 120 

agtgcag 127 

<210> 65 

<211> 126 

<212> DNA 

<213> Homo sapiens 

<400> 65 

ctcttcaagg gcaagttcta ccactgtctg ggcgtggaca cccgcaacat caccaaccgc 60 

teggactgea tggccgccaa ctaccgctgg gtccatcaca aatacaactt cgacaacctg 120 

ggccag 126 

<210> 66 

<211> 90 

<212> DNA 

<213> Homo sapiens 



«400> 66 

gctctgatgt ccctctttgt cctggcatcc aaggatggtt gggtgaacat catgtacaat 60 
ggactggatg ctgttgctgt ggaccagcag 90 

<210> 67 
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<211> 193 
<2l2> DNA 

<213> Homo sapiens 



<400> 67 

cctgtgacca accacaaccc ctggatgctg ctgtacttca tctccttcct gctcatcgtc 60 

agcttctttg tgctcaacat gtttgtgggt gtcgtggtgg agaacttcca caagtgccgg 120 

cagcaccagg aggctgaaga ggcacggcgg cgtgaggaga agcggctgcg gcgcctggag 180 

aagaagcgcc gga 193 



<210> 68 

<211> 152 

<212> DNA 

<213> Homo sapiens 



<400> 68 

aggcccagcg gctgccctac tatgccacct attgtcacac ccggctgctc atccactcca 60 

tgtgcaccag ccactacctg gacatcttca tcaccttcat catctgcctc aacgtggtca 120 

ccatgtccct ggagcactac aatcagccca eg 152 



<210> 69 

<211> 110 

<212> DNA 

<213> Homo sapiens 

<400> 69 

tccctggaga cagccctcaa gtactgeaac tatatgttca ccactgtctt tgtgctggag 60 
gctgtgctga agctggtggc atttggtctg aggegcttet tcaaggaccg 110 

<210> 70 

<211> 134 

<212> DNA 

<213> Homo sapiens 

<400> 70 

atggaaccag ctggacctgg ccattgtgct actgtcagtc atgggcatca ccctggagga 60 

gatcgagatc aatgcggccc tgeccatcaa tcccaccatc atccgcatca tgagggttct 120 

gcgcattgcc cgag 134 

<210> 71 

<211> 71 

<212> DNA 

<213> Homo sapiens 

<400> 71 

tgetgaaget gttgaagatg gecacaggaa tgcgggccct gctggacacg gtggtgcaag 60 
ctttgcccca g 71 

<210> 72 

<211> 79 

<212> DNA 

<213> Homo sapiens 

<400> 72 

gtgggcaacc tgggcctcct ettcatgetg ctcttcttca tetatgetge teteggggtg 60 
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gagctctttg ggaagctgg 

<210> 73 

<211> 122 

<212> DNA 

<213> Homo sapiens 

<400> 73 

tctgcaacga cgagaacccg tgcgagggca tgagccggca tgccaccttc gagaacttcg 60 
gcatggcctt cctcacactc ttccaggtct ccacgggtga caactggaac gggatcatga 120 



<210> 74 

<211> 339 

<212> DNA 

<:213> Homo sapiens 



<400> 74 

gacacgctgc gggactgcac ccacgacgag cgcagctgcc tgagcagcct gcagtttgtg 60 

tcgccgctgt acttcgtgag cttcgtgctc acogcgcagt tcgtgctcat caacgtggtg 120 

gtggctgtgc tcatgaagca cctggacgac agcaacaagg aggcgcagga ggacgccgag 180 

atggatgccg agctcgagct ggagatggcc catggcctgg gccctggccc gaggctgcct 240 

accggctccc cgggcgcccc tggccgaggg ccgggagggg cgggcggcgg gggcgacacc 300 

gagggcggct tgtgccggcg ctgctactcg cctgcccag 339 



<210> 75 

<211> 39 

<212> DNA 

<213> Homo sapiens 

<400> 75 

gagaacctgt ggctggacag cgtctcttta atcatcaag 

<210> 16 

<211> 108 

<212> DNA 

<213> Homo Bapiens 



<400> 76 

gactccttgg agggggagct gaccatcatc gacaacctgt. cgggctccat cttccaccac 60 
tactcctcgc ctgccggctg caagaagtgt caccacgaca agcaagag 108 

<210> 77 

<211> 123 

<212> DNA 

<213> Homo sapiens 

<400> 77 

gtgcagctgg ctgagacgga ggccttctcc ctgaactcag acaggtcctc gtccatcctg 60 

ctgggtgacg acctgagtct cgaggacccc acagcctgcc cacctggccg caaagacagc 120 

aag 123 

<210> 78 
<211> 166 
<212> DNA 
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c213> Homo sapiens 
<400> 78 

ggtgagctgg acccacctga gcccatgcgt gtgggagacc tgggcgaatg cttcttcccc 60 
ttgtcctcta cggccgtctc gccggatcca gagaacttcc tgtgtgagat ggaggagatc 120 
ccattcaacc ctgtccggtc ctggctgaaa catgacagca gtcaag 166 

<210> 79 
<211> 197 
<212> DMA 

<213> Homo sapiens 
<400;> 79 

cacccccaag tcccttctcc ccggatgcct ccagccctct cctgcccatg ccagccgagt 60 
tcttccaccc tgcagtgtct gccagccaga aaggcccaga aaagggcact ggcactggaa 120 
ccctccccaa gattgcgctg cagggctcct gggcatctct gcggtcacca agggtcaact 180 
gtaccctcct ccggcag 197 

<210> 80 
<211> 713 
<2X2> DNA 

<213> Homo sapiens 
<4O0> 80 

gtaccgacac ctcccaggcc ctagagcact ggtctgtggg caaggggcag gatctaagcc 60 

aggcctggaa gtccaaggga ctgggagggg aaggacccaa ccaaaggccg agggcaccac 120 

cgtgcaaggg ggtttgggaa cgctggggtg acgctgagac tggaggggga ggtggcactg 180 

gggcggatgg agtgggcggg gctgggtcct ggggacagca gagtgtgggg aggaccccaa 240 

gg'cgggtctg gaagaggcct gtgatcccta gcttgagggg aggggaggag aggaggagga 300 

gtactggagg ttttgcaggg tggcggggtg ctggcagtgg ggaggacacc ctgggtgctc 360 

tSSJgtgggtg tgagtggggg cttgattact aggaatggag gtgggagggc gggtctggtg 420 

gatgagaagc ctcgggctgc agggtccccc gtactggatt ggccagggcc acagccctcc 480 

tacccacggg cacacagagg tchgaagcac tgagggctcc gctgtggggg tggggaaatg 540 

gggccgggcc ggctcccaca gtgagtgcag ttgattcact gggtgactgt ctgacccgtc 600 

acaccaggct gtgtgctctg gcgggcagga cacaaactcc ctgcctgccg ggctcactgt 660 

ttagtgctga gagtgagctg cctgggtgca ggagggatga taaccaaaat aaa 713 

<210> 81 
<211> 963 
<212> DNA 

<213> Homo sapiens t 
<400> 61 

gccaccggga gcgacacgtc gctggacgcc agccccagca gctccgcggg cagcctgcag 60 

accacgctcg aggacagcct gaccctgagc gacagccccc ggcgtgccct ggggccgccc 120 

gcgcctgctc caggaccccg ggccggcctg tcccccgccg ctcgccgccg cctgagcctg 180 

cgcggccggg gcctcttcag cctgcggggg ctgcgggcgc atcagcgcag ccacagcagc 240 

gggggctcca ccagcceggg ctgcacccac cacgactcca tggacccctc ggacgaggag 300 

ggccgcggtg gcgcgggcgg cgggggcgcg ggcagcgagc actcggagac cctcagcagc 360 

ctctcgctca cctccctctt ctgcccgccg cccccgccgc cagcccccgg cctcaogccc 420 

gccaggaagt tcagcagcac cagcagcctg gccgcccccg gccgccccca cgccgccgcc 480 

ctggcccacg gcctggcccg gagcccctcg tgggccgcgg accgcagcaa ggaccccccc 540 

ggccgggcac cgctgcccat gggcctgggc cccttggcgc ccccgccgca accgctcccc 600 

ggagagctgg agccgggaga cgccgccagc aagaggaaga gatgagggtc gcaggggccc 660 

ccggccgccc accgcccgcc ccgtctcacc ttctttacct caggagccag gagcagacag 720 



16 



WO 00/70044 v PCT/USOO/12383 



caatacttcg tccacacctg ggatcgcgca gggcccgcag ggcacaggcg cccgacagcc 780 

gggctgagcg gagtctgggt tagccaggcc tgcgtggccc atggtggccc ttccagtgca B40 

tatacataca tatatatata tatatgcata tatatatata tatatatata tatgtgtata 900 

cacacacaca tagacagaca tatatatata tatttatttt ttttactgag agcttatgac 960 

ttc 963 





<210> 


82 






<211> 


81 






<212> 


PRT 






<213> 


Homo sapiens 




<400> 


82 




Met 


Asp Glu 


Glu 


Glu Asp Gly Ala Gly Ala Glu Glu Ser Gly Gin Pro 


1 






5 10 15 


Arg 


Ser Phe 


Met 


Arg Leu Asn Asp Leu Ser Gly Ala Gly Gly Arg Pro 






20 


25 30 


Gly 


Pro Gly 


Ser 


Ala Glu Lys Asp Pro Gly Ser Ala Asp Ser Glu Ala 




35 




40 45 


Glu 


Gly Leu 


Pro 


Tyr Pro Ala Leu Ala Pro Val Val Phe Phe Tyr Leu 




50 




55 60 


Ser 


Gin Asp 


Ser 


Arg Pro Arg Ser Trp Cys Leu Arg Thr Val Cys Asn 


65 






70 75 80 


Pro 










<210> 


83 






<211> 


37 






<212> 


PRT 






<2l3> 


Homo sapiens 




<400> 


83 




Trp 


Phe Glu 


Arg 


He Ser Met Leu Val He Leu Leu Asn Cys Val Thr 


1 






5 10 15 


Leu 


Gly Met 


Phe 


Arg Pro Cys Glu Asp He Ala Cys Asp Ser Gin Arg 






20 


25 30 


Cys 


Arg He 


Leu 


Gin 




35 








<210> 


84 






<211> 


45 






<212> 


PRT 






<213> 


Homo sapiens 




<400> 


84 




Ala 


Phe Asp 


Asp 


Phe He Phe Ala Phe Phe Ala Val Glu Met Val Val 


1 






5 10 15 


Lys 


Met Val 


Ala Leu Gly He Phe Gly Lys Lys Cys Tyr Leu Gly Asp 






20 


25 30 


Thr 


Trp Asn 


Arg Leu Asp Phe Phe He Val He Ala Gly 




35 




40 45 




<210> 


85 






<2XX> 


32 






<212> 


PRT 





c213> Homo sapiens 
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<400> 65 

Met Leu Glu Tyr Ser Leu Asp Leu Gin Asn Val Ser Phe Ser Ala Val 

15 10 15 

Arg Thr Val Arg Val Leu Arg Pro Leu Arg Ala lie Asn Arg Val Pro 
20 25 30 

<210> 86 

<211> 54 

<212> PRT 

<213> Homo sapiens 





<400> 


86 




Ser 


Met Arg 


lie 


Leu Val Thr Leu Leu Leu Asp Thr Leu Pro Met Leu 


l 






5 10 15 


Gly 


Asn Val 


Leu 


Leu Leu Cys Phe Phe Val Phe Phe He Phe Gly He 






20 


25 30 


Val 


Gly Val 


Gin 


Leu Trp Ala Gly Leu Leu Arg Asn Arg Cys Phe Leu 




3S 




40 45 


Pro 


Glu Asn 


Phe 


Ser Leu i 




SO 








<210> 


87 






<AL1> 


100 






<212> 


PRT 






<213> 


Homo sapiens 




<400> 


67 




Pro 


Leu Ser 


Val 


Asp Leu Glu Arg Tyr Tyr Gin Thr Glu Asn Glu Asp 


l 






5 10 15 


Glu 


Ser Pro 


Phe 


He Cys Ser Gin Pro Arg Glu Asn Gly Met Arg Ser 






20 


25 30 


Cys 


Arg Ser 


Val 


Pro Thr Leu Arg Gly Asp Gly Gly Gly Gly Pro Pro 




35 




40 45 


Cys 


Gly Leu 


Asp 


Tyr Glu Ala Tyr Asn Ser Ser Ser Asn Thr Thr Cys 




50 




55 60 


Val 


Asn Trp 


Asn 


Gin Tyr Tyr Thr Asn Cys Ser Ala Gly Glu His Asn 


65 






70 75 80 


Pro 


Phe Lys 


Gly 


Ala He Asn Phe Asp Asn He Gly Tyr Ala Trp He 








85 90 95 


Ala 


lie Phe 


Gin 








100 






<210> 


88 






<211> 


31 






<212> 


PRT 






<213> 


Homo sapiens 




<400> 


88 




Val 


lie Thr 


Leu Glu Gly Trp Val Asp lie Met Tyr Phe Val Met Asp 


.1 






5 10 15 


Ala 


His Ser 


Phe Tyr Asn Phe He Tyr Phe He Leu Leu He He 






20 


25 30 




<210> 


89 






<211> 


261 
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<212> PRT 

<213> Homo sapiens 



<40O> 89 



Val Gly 


Ser 


Phe 


Phe 


Met 


lie Asn Leu Cys Leu Val Val lie 


Ala 


Thr 


1 






5 




10 


15 




Gin Phe 


Ser 


Glu 


Thr 


Lys 


Gin Arg Glu Ser Gin Leu Met Arg 


Glu 


Gin 






20 






25 30 






Arg Val 


Arg 


Phe 


Leu 


Ser 


Asn Ala Ser Thr Leu Ala Ser Phe 


Ser 


Glu 




35 








40 45 






Pro Gly 


Ser 


Cys 


Tyr 


Glu 


Glu Leu Leu Lys Tyr Leu Val Tyr 


lie 


Leu 


50 










55 60 






Arg Lys 


Ala 


Ala 


Arg 


Arg 


Leu Ala Gin. Val Ser Arg Ala Ala 


Gly Val 


65 








70 


75 




B0 


Arg Val 


Gly 


Leu 


Leu 


Ser 


Ser Pro Ala Pro Leu Gly Gly Gin 


Glu 


Thr 








85 




90 


95 




Gin Pro 


Ser 


Ser 


Ser 


Cys 


Ser Arg Ser His Arg Arg Leu Ser 


Val 


His 






100 






105 110 






His Leu 


Val 


His 


His 


His 


His His His His His His Tyr His 


Leu Gly 




115 








120 125 






Asn Gly 


Thr 


Leu 


Arg 


Ala 


Pro Arg Ala ser Pro Glu lie Gin 


Asp Arg 


13 0 










135 140 






Asp Ala 


Asn 


Gly 


Ser 


Arg 


Arg Leu Met Leu Pro Pro Pro Ser 


Thr 


Pro 


145 








150 


155 




160 


Ala Leu 


Ser 


Gly 


Ala 


Pro 


Pro Gly Gly Ala Glu Ser Val His 


Ser 


Phe 








16 5 




170 


175 




Tyr His 


Ala 


Asp 


Cys 


His 


Leu Glu Pro Val Arg Cys Gin Ala 


Pro 


Pro 






iao 






185 190 






Pro Arg 


Ser 


Pro 


Ser 


Glu 


Ala Ser Gly Arg Thr Val Gly Ser 


Gly Lys 




195 








200 205 






Val Tyr 


Pro 


Thr 


Val 


His 


Thr Ser Pro Pro Pro Glu Thr Leu 


Lys 


Glu 


210 










215 220 






Lys Ala 


Leu 


val 


Glu 


val 


Ala Ala Ser Ser Gly Pro Pro Thr 


Leu 


Thr 


225 








230 


235 




240 


Ser Leu 


Asn 


lie 


Pro 


Pro 


Gly Pro Tyr Ser Ser Met His Lys 


Leu 


Leu 








24 5 




250 


255 




Glu Thr 


Gin 


Ser 


Thr 











260 

<210> 90 

<211> 126 

<212> PRT 

<213> Homo sapiens 

<400> 90 

Gly Ala Cys Gin Ser Ser Cys Lys lie Ser Ser Pro Cys Leu Lys Ala 

15 10 15 

Asp Ser Gly Ala Cys Gly Pro Asp Ser Cys Pro Tyr Cys Ala Arg Ala 

20 25 30 

Gly Ala Gly Glu Val Glu Leu Ala Asp Arg Glu Met Pro Asp Ser Asp 

35 40 45 

Ser Glu Ala Val Tyr Glu Phe Thr Gin Asp Ala Gin His Ser Asp Leu 

50 55 60 

Arg Asp Pro His Ser Arg Arg Gin Arg Ser Leu Gly Pro Asp Ala Glu 
65 70 75 80 
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Pro Sex Ser Val Leu Ala Phe Trp Arg Leu lie Cys Asp Thr Phe Arg 

65 90 95 

Lys He Val Asp Ser Lys Tyr Phe Gly Arg Gly lie Met lie Ala He 

100 105 110 

Leu Val Asn Thr Leu Ser Met Gly He Glu Tyr His Glu Gin 
115 120 125 

<210> 91 

<211> SI 

<212> PRT 

<213> Homo sapiens 





<400> 


91 


F JL V 


mil m-ii 


T.oii Thi* fi^n Si a T.A11 CSlw Tie* Cor A^n Tl *a Val T>>if» Thr 
Xitsu xiii. hjoii j+j.a. lieu Ui.ll XXV OCl XXC wax JrHc .1111 


1 

X 




O XU 13 


Ser 


Leu Phe 


Ala Leu Glu Met Leu Leu Lys Leu Leu Val Tyr Gly Pro 






20 25 30 


Phe 


\J 4- jr A j A. 


Tl ivirfl A<3n P>*n Tvr A^iti Tip Ph^ Aflr> fil v Val T 1 Vial 




35 


40 45 


Val 


He Ser 






50 






<210> 


92 




<211> 


62 




<2\2> 


PRT 




<213> 


Homo sapiens 




v ■* \j yj 




Val 


Trp Glu 


He Val Gly Gin Gin Gly Gly Gly Leu Ser Val Leu Arg 


1 




5 10 15 


Thr 


Phe Arg 


Leu Met Arg Val Leu Lys Leu Val Arg Phe Leu Pro Ala 






20 « 25 30 


Leu 


Gin Arg 


Gin Leu Val Val Leu Met Lys Thr Met Asp Asn Val Ala 




35 


40 45 


Thr 


Phe Cys 


Met Leu Leu Met Leu Phe He Phe He Phe Ser 




50 


55 60 




<210> 


93 




<2H> 


36 




<212> 


PRT 




<213> 


Homo sapiens 




<400> 


93 


He 


Leu Gly 


Met His Leu Phe Gly Cys Lys Phe Ala Ser Glu Arg Asp 


1 




5 10 15 


Gly 


Asp Thr 


Leu Pro Asp Arg Lys Asn Phe Asp Ser Leu Leu Trp Ala 






20 25 30 


lie 


Val Thr 


Val Phe Gin 




35 






<210> 


94 




<211> 


52 




<212> 


PRT 



<213> Homo sapiens 
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<400> 94 

lie Leu Thr Gin Glu Asp Trp Asn Lys Val Leu Tyr Asn Gly Met Ala 

15 10 15 

Ser Thr Ser Ser Trp Ala Ala Leu Tyr Phe lie Ala Leu Met Thr Phe 

20 25 30 

Gly Asn Tyr Val Leu Phe Asn Leu Leu Val Ala lie Leu Val Glu Gly 

35 40 45 

Phe Gin Ala Glu 
50 



<210> 95 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 95 
Glu He Ser Lys Arg Glu Asp Ala 

1 5 
Leu Pro Val Asp Ser Gin Gly 
20 

<210> 96 

<211> 28 

<212> PRT 

<213> Homo sapiens 



Ser Gly Gin Leu Ser Cys He Gin 
10 15 



<400> 96 
Gly Asp Ala Asn Lys Ser Glu Ser 

1 5 
Leu Asp Gly Asp Gly Asp Arg Lys 
20 



Glu Pro Asp Phe Phe Ser Pro Ser 

10 15 
Lys Cys Leu Ala 
25 



<210> 97 
'<211> 65 
<212> PRT 
<213> Homo sapiens 



<400> 97 
Leu Val Ser Leu Gly Glu His Pro 

1 5 
Pro Leu He He His Thr Ala Ala 
20 

Thr Ser Thr Gly Leu Gly Glu Ala 

35 40 
Ser Ser Ser Gly Ser Ala Glu Pro 
50 55 

Pro 
65 



Glu Leu Arg Lys Ser Leu Leu Pro 

10 15 
Thr Pro Met Ser Leu Pro Lys Ser 
25 30 
Leu Gly Pro Ala Ser Arg Arg Thr 
45 

Gly Ala Ala His Glu Met Lys Ser 
60 



<210> 98 

<211> 144 

<212> PRT 

<213> Homo sapiens 



<400> 96 
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XT w l>cx, 


Ala 


Arg 


Ser 


Ser 


Prri H i <3 
* j* \j nxo 


1 






5 






Ttti TVll" 


Ser 


Arg 


Arg 


Ser 


Ser Arg 






20 








T i T ,vc 
ucu iiyo 


Arg Arg 


Ser 


Pro 






35 








A. ft 


Glu Gly 


Gin 


Glu 


Ser 


Gin 


Asp Glu 


50 










55 


Ala Ser 


Pro 


Ala 


Gly Ser 


Asp His 


65 








70 




Glu Ala 


Lys 


Ser 


Ser 


Phe 


Asp Leu 








85 






Leu His 


Arg 


Thr 


Ala 


Ser 


Gly Arg 






100 








Cys Asn 


Gly Lys 


Ser 


Ala 


Ser Gly 




115 








120 


Asp Asp 


Pro 


Pro 


Leu Asp 


Gly Asp 


130 










135 



Ser Pro Trp Ser Ala Ala Ser Ser 

10 15 
Asn Ser Leu Gly Arg Ala Pro Ser 
25 30 
Glu Arg Arg Ser Leu Leu Ser Gly 
45 

Glu Glu Ser Ser Glu Glu Glu Arg 
60 

Arg Hie Arg Gly Ser Leu Glu Arg 

75 80 
Pro Asp Thr Leu Gin Val Pro Gly 

90 95 
Gly Ser Ala Ser Glu His Gin Asp 
105 110 
Arg Leu Ala Arg Ala Leu Arg Pro 
125 

Asp Ala Asp Asp Glu Gly Asn Leu 
140 



<210> 99 

<211> 34 

<212> PRT 

<213> Homo sapiens 

<400> 99 
Ser Lys Gly Glu Arg Val Arg Ala 

1 5 
Cys Cys Leu Glu Arg Asp Ser Trp 
20 

Ser Arg 



Trp lie Arg Ala Arg Leu Pro Ala 

10 15 
Ser Ala Tyr lie Phe Pro Pro Gin 
25 30 



<210> 100 

<211> 41 

<212> PRT 

<213> Homo sapiens 

<400> 100 

Phe Arg Leu Leu Cys His Arg lie lie Thr Hie Lys Met Phe Asp His 

1 5 10 15 

Val Val Leu Val lie He Phe Leu Asn Cys He Thr He Ala Met Glu 

20 25 30 

Arg Pro Lys He Asp Pro His Ser Ala 
35 40 

<210> 101 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 101 

Glu Arg He Phe Leu Thr Leu Ser Asn Tyr He Phe Thr Ala Val Phe 

15 10 15 

Leu Ala* Glu Met Thr Val Lys 
20 



22 
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<210> 


102 








<2ll> 


62 








<212> 


PRT 








<213> 


Homo sapiens 








<400> 


102 






Val 


Val Ala 


Leu Gly Trp Cys 


Phe 


Gly Glu Gin Ala Tyr Leu Arg Ser 


1 




5 




10 15 


Ser 


Trp Asn 


Val Leu Asp Gly Leu 


Leu Val Leu He Ser Val He Asp 






20 




25 30 


He 


Leu Val 


Ser Met Val Ser 


Asp Ser Gly Thr Lys He Leu Gly Met 




35 




40 


45 


Leu 


Arg val 


Leu Arg Leu Leu 


Arg 


Thr Leu Arg Pro Leu Arg 




50 


55 




60 



<210> 103 

<211> 42 

<212> PRT 

<213> Homo sapiens 



<400> 103 

Val He Ser Arg Ala Gin Gly Leu Lys Leu Val Val Glu Thr Leu Met 

15 10 15 

Ser Ser Leu Lys Pro He Gly Asn He Val Val He Cys Cys Ala Phe 

20 25 30 

Phe He lie Phe Gly He Leu Gly Val Gin 
35 40 

<210> 104 

<211> 42 

<212> PRT 

<213> Homo sapiens 

<400> 104 

Leu Phe Lys Gly Lys Phe Phe Val Cys Gin Gly Glu Asp Thr Arg Asn 

1 5 10 15 

He Thr Asn Lys Ser Asp Cys Ala Glu Ala Ser Tyr Arg Trp Val Arg 

20 25 30 

His Lys Tyr Asn Phe Asp Asn Leu Gly Gin 
35 40 

<210> 105 

<211> 30 

<212> PRT 

<213> Homo sapiens 



<400> 105 
Ala Leu Met Ser Leu Phe Val Leu 

1 5 
He Met Tyr Asp Gly Leu Asp 
20 



Ala Ser Lys Asp Gly Trp Val Asp 

10 15 
Val Gly Val Asp Gin Gin 
25 30 



<210> 106 
<211> 64 
<212> PRT 
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<213> Homo sapiens 
<400> 106 

Pro He Met Asn His Asn Pro Trp Met Leu Leu Tyr Phe He Ser Phe 

15 10 15 

Leu Leu He Val Ala Phe Phe Val Leu Asn Met phe Val Gly Val Val 

20 25 30 

Val Glu Asn Phe His Lys Cys Arg Gin His Gin Glu Glu Glu Glu Ala 

35 40 45 

Arg Arg Arg Glu Glu Lys Arg Leu Arg Arg Leu Glu Lya Lys Arg Arg 
50 55 60 

<210> 107 

<211> 7 

<212> PRT 

<213> Homo sapiens 

<400> 107 
Ser Lys Glu Lys Gin Met Ala 
1 5 

c210> 108 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<400> 108 

Asn Leu Met Leu Asp Asp Val He Ala Ser Gly Ser Ser Ala Ser Ala 

15 10 15 

Ala Ser 



<210> 109 

<211> 51 

<212> PRT 

<213> Homo sapiens 

<400> 109 

Glu Ala Gin Cys Lys Pro Tyr Tyr Ser Asp Tyr Ser Arg Phe Arg Leu 

1 5 10 15 

Leu Val His His Leu Cys Thr Ser Hi a Tyr Leu Asp Leu Phe He Thr 

20 25 30 

Gly Val He Gly Leu Asn Val Val Thr Met Ala Met Glu His Tyr Gin 

35 40 45 

Gin Pro Gin 
50 

<210> 110 
<211> 37 
<212> PRT 

<213> Homo sapiens 
<400> 110 

He Leu Asp Glu Ala Leu Lys He Cys Asn Tyr He Phe Thr Val He 
15 10 15 
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Phe Val Leu Glu Ser Val Phe Lys Leu Val Ala Phe Gly Phe Arg Arg 

20 25 30 

Phe Phe Gin Asp Arg 
35 



<210> ill 
<211> 44 
<212> PRT 

<213> Homo sapiens 



<400> 111 

Trp Asn Gin Leu Asp Leu Ala lie Val Leu Leu Ser He Met Gly He 

15 10 15 

Thr Leu Glu Glu lie Glu Val Asn Ala Ser Leu Pro He Asn Pro Thr 

20 25 30 

He He Arg He Met Arg Val Leu Arg He Ala Arg 
35 40 



<210> 112 
<211> 24 
<212> PRT 

<213> Homo sapiens 
<400> 112 

Val Leu Lys Leu Leu Lys Met Ala Val Gly Met Arg Ala Leu Leu Asp 

15 10 15 

Thr Val Met Gin Ala Leu Pro Gin 
20 



<210> 113 

<211> 25 

<212> PRT 

<213> Homo sapiens 



<400> 113 

val Gly Asn Leu Gly Leu Leu Phe Met Leu Leu Phe Phe He Phe Ala 

15 10 15 

Ala Leu Gly Val Glu Leu Phe Gly Asp Leu 
20 25 

<210> 114 

<211> 41 

<212> PRT 

<213> Homo sapiens 

<400> 114 

Glu / Cys Asp Glu Thr His Pro Cys Glu Gly Leu Gly Arg His Ala Thr 

1 5 10 15 

Phe Arg Asn Phe Gly Met Ala Phe Leu Thr Leu Phe Arg Val Ser Thr 

20 25 30 

Gly Asp Asn Trp Asn Gly He Met Lys 
35 40 



<210> 115 
<211> 118 



25 



WO 00/70044 



PCT/US00/12383 



<212> PKT 

<213> Homo sapiens 





<400> 


lis 










Asp 


Thr 


Leu Arg 


Asp 


Cys 


Asp Gin Glu Ser Thr Cys Tyr Asn Thr Val 


1 








5 




10 


15 


He 


Ser 


Pro 


He 


Tyr 


Phe 


Val Ser Phe Val Leu 


Thr Ala Gin Phe Val 








20 






25 


30 


Leu 


Val 


Asn 


Val 


Val 


He 


Ala Val Leu Met Lys 


His Leu Glu Glu Ser 






35 








40 


45 ' 


Asn 


Lys 


Glu 


Ala 


Lys 


Glu 


Glu Ala Glu Leu Glu 


Ala Glu Leu Glu Leu 




50 










55 


60 


Glu 


Met 


Lys 


Thr 


Leu 


Ser 


Pro Gin Pro His Ser 


Pro Leu Gly Ser Pro 


65 








70 


75 


80 


Phe 


Leu 


Trp 


Pro 


Gly 


Val 


Glu Gly Pro Asp Ser 


Pro Asp Ser Pro Lys 










85 




90 


95 


Pro Gly 


Ala 


Leu 


His 


Pro 


Ala Ala His Ala Arg 


Ser Ala Ser His Phe 








100 






105 


110 


Ser 


Leu 


Glu 


His 


Pro 


Thr 










115 













<210> 116 
<211> 48 
<212> PRT 

<213> Homo sapiens 
<400> 116 

Asp Arg Gin Leu Phe Asp Thr He Ser Leu Leu He Gin Gly Ser Leu 

15 10 15 

Glu Trp Glu Leu Lys Leu Met Asp Glu Leu Ala Gly Pro Gly Gly Gin 

20 25 30 

Pro Ser Ala Phe Pro Ser Ala Pro Ser Leu Gly Gly Ser Asp Pro Gin 
35 40 45 

<210> 117 
<211> 45 
<212> PRT 

<213> Homo sapiens 
<400> 117 

He Pro Leu Ala Glu Met Glu Ala Leu Ser Leu Thr Ser Glu He Val 

1 5 10 15 

Ser Glu Pro Ser Cys Ser Leu Ala Leu Thr Asp Asp Ser Leu Pro Asp 

20 25 30 

Asp Met His Thr Leu Leu Leu Ser Ala Leu Glu Ser Asn 
35 40 45 

<210> 118 
<211> 56 
<212> PRT 

<213> Homo sapiens 
<400> 118 

Met Gin Pro His Pro Thr Glu Leu Pro Gly Pro Asp Leu Leu Thr Val 
1 5 10 15 
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Arg Lys Ser Gly Val Ser Arg Thr His Ser Leu Pro Asn Asp Ser Tyr 

20 25 30 

Met Cys Arg His Gly Ser Thr Ala Glu Gly Pro Leu Gly His Arg Gly 

35 40 45 

Trp Gly Leu Pro Lys Ala Gin Ser 
50 55 

<210> 119 

<211> 57 

<212> PRT 

<213> Homo sapiens 





<400> 


119 


Gly 


Ser Val 


Leu Ser Val His Ser Gin Pro Ala Asp Thr Ser Tyr lie 


i 
j. 






Leu 


Gin Leu 


Pro Lvs Ast> Ala Pro His Leu Leu Gin Pro His Spv JVln 






20 2^ in 


Pro 


Thr Trp 


Glv Thr Tie Pro Lvs Leu Pro Prn Prn Glv JVtct Qpr t>m 




J -J 




Leu 


Ala Gin 


ArCT Pro Leu Arcr Arcr Gl n 




50 


55 




<210> 


120 




<2ll> 


22 






■DDT 




<213> 


Homo sapiens 




<400> 


120 


Ala 


Ala lie 


Arg Thr Asp Ser Leu Asp Val Gin Gly Leu Gly Ser Arg 


1 




5 10 15 


Glu 


Asp Leu 


Leu Ala Glu 






20 




<210> 


121 




<211> 


79 




<212> 


PRT 




<213> 


Homo sapiens 




<400> 


121 


Val 


Ser Gly 


Pro Ser Pro Pro Leu Ala Arg Ala Tyr Ser Phe Trp Gly 


■ l. 




5 10 15 


Gin 


Ser Ser 


Thr Gin Ala Gin Gin His Ser Arg Ser His Ser Lys lie 






20 25 30 


Ser 


Lys His 


Met Thr Pro Pro Ala Pro Cys Pro Gly Pro Glu Pro Asn 




35 


40 45 


Trp 


Gly Lys 


Gly Pro Pro Glu Thr Arg Ser Ser Leu Glu Leu Asp Thr 




50 


55 €0 


Glu 


Leu Ser 


Trp lie Ser Gly Asp Leu Leu Pro Pro Gly Gly Gin 


65 




70 75 



<210> 122 
<211> 143 
<212> PRT 
<213> Homo sapiens 
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<400> 122 

Glu Glu Pro Pro Ser Pro Arg Asp Leu Lys Lys Cys Tyr Ser Val Glu 

1 5 10 15 

Ala Gin Ser Cys Gin Arg Arg Pro Thr Ser Trp Leu Asp Glu Gin Arg 

20 25 30 

Arg His Ser lie Ala Val Ser Cys Leu Asp Ser Gly Ser Gin Pro His 

35 40 45 

Leu Gly Thr Asp Pro Ser Asn Leu Gly Gly Gin Pro Leu Gly Gly Pro 

50 55 60 

Gly Ser Arg Pro Lys Lys Lys Leu Ser pro Pro Ser He Thr He Asp 
65 70 75 80 

Pro Pro Glu Ser Gin Gly Pro Arg Thr Pro Pro Ser Pro Gly He Cys 

85 90 95 

Leu Arg Arg Arg Ala Pro Ser Ser Asp Ser Lys Asp Pro Leu Ala Ser 

100 105 110 

Gly Pro Pro Asp Ser Met Ala Ala Ser Pro Ser Pro Lys Lys Asp Val 

115 120 125 

Leu Ser Leu Ser Gly Leu Ser Ser Asp Pro Ala Asp Leu Asp Pro 
130 135 140 

<210> 123 

<211> 79 

<212> PRT 

<213> Homo sapiens 

<400> 123 

Met Ala Glu Ser Ala Ser Pro Pro Ser Ser Ser Ala Ala Ala Pro Ala 

15 10 15 

Ala Glu Pro Gly . Val Thr Thr Glu Gin Pro Gly Pro Arg Ser Pro Pro 

20 25 30 

Ser Ser Pro Pro Gly Leu Glu Glu Pro Leu Asp Gly Ala Asp Pro His 

35 40 45 

Val Pro His Pro Asp Leu Ala Pro He Ala Phe Phe Cys Leu Arg Gin 

50 55 60 

Thr Thr Ser Pro Arg Asn Trp Cys He Lys Met Val Cys Asn Pro 
65 70 75 

<210> 124 
<211> 37 
<212> PRT 

<213> Homo sapiens 
<400> 124 

Trp Phe Glu Cys Val Ser Met Leu Val He Leu Leu Asn Cys Val Thr 

1 5 10 15 

Leu Gly Met Tyr Gin Pro Cys Asp Asp Met Asp Cys Leu Ser Asp Arg 

20 25 30 

Cys Lys He Leu Gin 
35 

c210> 125 
<211> 45 
<212> PRT 

<213> Homo sapiens 
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<400> 125 

Val Phe Asp Asp Phe lie Phe lie Phe Phe Ala Met Glu Met Val Leu 

1 5 10 15 

Lys Met Val Ala Leu Gly lie Phe Gly Lys Lys Cys Tyr Leu Gly Asp 

20 25 30 

Thr Trp Asn Arg Leu Asp Phe Phe lie Val Met Ala Gly 
35 40 45 

<210> 126 

<211> 32 

<212> PRT 

<213> Homo sapiens 



<400> 126 
Met Val Glu Tyr Ser Leu Asp Leu 

1 5 
Arg Thr Val Arg Val Leu Arg Pro 
20 

<210> 127 

c211> 54 

<212> PRT 

<213> Homo sapiens 



Gin Asn He Asn Leu Ser Ala lie 

10 .15 
Leu Lys Ala lie Asn Arg Val Pro 
25 30 



<400> 127 

Ser Met Arg He Leu Val Asn Leu Leu Leu Asp Thr Leu Pro Met Leu 

1 5 10 15 

Gly Asn Val Leu Leu Leu Cys Phe Phe Val Phe Phe He Phe Gly He 

20 25 30 

He Gly Val Gin Leu Trp Ala Gly Leu Leu Arg Asn Arg Cys Phe Leu 

35 40 45 

Glu Glu Asn Phe Thr He 
50 



<210> 128 
<211> 105 
<212> PRT 

<213> Homo sapiens 





<400> 


128 








Gin 


Gly 


Asp 


Val 


Ala 


Leu 


Pro Pro Tyr Tyr Gin Pro Glu Glu Asp Asp 


1 








5 




10 15 


Glu 


Met 


Pro 


Phe 
20 


He 


Cys 


Ser Leu Ser Gly Asp Asn Gly He Met Gly 
25 30 


Cys 


His 


Glu 
35 


He 


Pro 


Pro 


Leu Lys Glu Gin Gly Arg Glu Cys Cys Leu 
40 45 


Ser 


Lys 
50 


Asp 


Asp 


Val 


Tyr 


Asp Phe Gly Ala Gly Arg Gin Asp Leu Asn 
55 60 


Ala 


Ser 


Gly 


Leu 


Cys 


Val 


Asn Trp Asn Arg Tyr Tyr Asn Val Cys Arg 


65 










70 


75 80 


Thr 


Gly 


Ser 


Ala 


Asn 
85 


Pro 


His Lys Gly Ala He Asn Phe Asp Asn He 
90 95 


Gly 


Tyr 


Ala 


Trp 
100 


lie 


Val 


He Phe Gin 
105 
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<210> 129 

<211> 31 

<2X2> PRT 

<213> Homo sapiens 





<400> 


129 








Val 


lie Thr 


Leu Glu Gly Trp Val Glu He Met Tyr Tyr Val Met Asp 


l 






5 




10 IS 


Ala 


His Ser 


Phe Tyr Asn 


Phe He Tyr Phe He Leu Leu He He 






20 






25 30 




<210> 


130 










<211> 


104 












PRT 










<213> 


Homo sapiens 




<400> 


130 








Val 


Gly Ser 


phe 


Phe 


Met 


lie Asn Leu Cys Leu Val Val He Ala Thr 


1 






5 




10 15 


Gin 


Phe Ser 


Glu 


Thr 


Lys 


Gin Arg Glu His Arg Leu Met Leu Glu Gin 






20 






25 30 


Arg 


Gin Arg 


Tyr 


Leu 


Ser 


Ser Ser Thr Val Ala Ser Tyr Ala Glu Pro 




35 








40 45 


Gly 


Asp Cys 


Tyr 


Glu 


Glu 


He Phe Gin Tyr Val Cys His He Leu Arg 




50 








55 60 


Lys 


Ala Lys 


Arg 


Arg 


Ala 


Leu Gly Leu Tyr Gin Ala Leu Gin Ser Arg 


65 








70 


75 SO 


Arg 


Gin Ala 


Leu 


Gly 


Pro 


Glu Ala Pro Ala Pro Ala Lys Pro Gly Pro 








B5 




90 95 


His 


Ala Lys 


Glu 


Pro 


Arg 


His Tyr 






100 










<210> 


131 










<2ll> 


35 










<212> 


PRT 









<213> Homo sapiens 



<400> 131 
His Gly Lys Thr Lys Gly Gin Gly 

1 5 
Arg His Cys Gin Thr Leu His Gly 
20 

Ser Gly Arg 
35 



Asp Glu Gly Arg His Leu Gly Ser 

10 15 
Pro Ala Ser Pro Gly Asn Asp His 
25 30 



<210> 132 
<211> 142 
<212> PRT 

<213> Homo sapiens 



<400> 132 

Glu Leu Cys Pro Gin His Ser Pro Leu Asp Ala Thr Pro His Thr Leu 

1 5 10 15 

Val Gin Pro He Pro Ala Thr Leu Ala Ser Asp Pro Ala Ser Cys Pro 
20 25 30 
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Cys 


Cys Gin 


His 


Glu 


Asp Gly Arg Arg Pro Ser 


Gly Leu Gly Ser Thr 




35 






40 


45 


Asp 


Ser Gly 


Gin 


Glu 


Gly Ser Gly Ser Gly Ser 


Ser Ala Gly Gly Glu 




50 






55 


60 


Asp 


Glu Ala 


Asp 


Gly 


Asp Gly Ala Arg Ser Ser 


Glu Asp Gly Ala Ser 


65 








70 75 


B0 


Ser 


Glu Leu 


Gly 


Lys 


Glu Glu Glu Glu Glu Glu 


Gin Ala Asp Gly Ala 








35 


90 


95 


Val 


Trp Leu 


Cys 


Gly 


Asp Val Trp Arg Glu Thr 


Arg Ala Lys Leu Arg 






100 




105 


110 


Gly 


He Val 


Asp 


Ser 


Lys Tyr Phe Asn Arg Gly 


He Met Met Ala He 




115 






120 


125 


Leu 


Val Asn 


Thr 


Val 


Ser Met Gly He Glu His 


His Glu Gin 




130 






135 


140 




<210> 


133 










<211> 


51 












PRT 










<213> 


Homo Bapiens 






<400> 


133 








Pro 


Glu Glu 


Leu 


Thr 


Asn He Leu Glu He Cys 


Asn Val Val Phe Thr 


1 






5 




15 


Ser 


Met Phe 


Ala 


Leu 


Glu Met He Leu Lys Leu 


Ala Ala Phe Gly Leu 






20 




25 


30 


Phe 


Asp Tyr 


Leu 


Arg Asn Pro Tyr Asn He Phe 


Asp Ser He He Val 




35 






40 


45 


lie 


He Ser 












50 












<210> 


134 










<2ll> 


62 










<212> 


PRT 










<213> 


Homo sapiens 






<400> 


134 








lie 


Trp Glu 


He 


Val 


Gly Gin Ala Asp Gly Gly 


Leu Ser Val Leu Arg 


1 






5 


10 


15 


Thr 


Phe Arg 


Leu 


Leu 


Arg Val Leu Lys Leu Val 


Arg Phe Met Pro Ala 






20 




25 


30 


Leu 


Arg Arg 


Gin 


Leu 


Val Val Leu Met Lys Thr 


Met Asp Asn Val Ala 




35 






40 


45 


Thr 


Phe Cys 


Met 


Leu 


Leu Met Leu Phe He Phe 


He Phe Ser 




50 






55 


60 




<210> 


135 










<2ll> 


39 










<212> 


PRT 










<213> 


Homo sapiens 






<400> 


135 








lie 


Leu Gly 


Met 


His 


He Phe Gly Cys Lys Phe 


Ser Leu Arg Thr Asp 


1 






5 


10 


15 


Thr 


Gly Asp 


Thr Val 


Pro Asp Arg Lys Asn Phe 


Asp Ser Leu Leu Trp 






20 




25 


30 
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Ala lie val Thr Val Phe Gin 
35 

<210> 136 

<211> 52 

<212> PRT 

<213> Homo sapiens 

<400> 136 

He Leu Thr Gin Glu Asp Trp Asn Val Val Leu Tyr Asn Gly Met Ala 

1 5 10 15 

Ser Thr Ser Pro Trp Ala Ser Leu Tyr Phe Val Ala Leu Met Thr Phe 

20 25 30 

Gly Asn Tyr Val Leu Phe Asn Leu Leu Val Ala He Leu Val Glu Gly 

35 40 45 

Phe Gin Ala Glu 
50 

<210> 137 

<211> 31 

<212> PRT 

<213> Homo sapiens 

<400> 137 

Gly Asp Ala Asn Arg Ser Tyr Ser Asp Glu Asp Gin Ser Ser Ser Asn 

1 5 10 15 

He Glu Glu Phe Asp Lys Leu Gin Glu Gly Leu Asp Ser Ser Gly 
20 25 30 

<210> 138 

<211> 68 

<212> PRT 

<213> Homo sapiens 



<400> 138 



Asp Pro 


Lys Leu 


Cys 


Pro He Pro 


Met 


Thr Pro Asn Gly His 


Leu Asp 


1 


5 






10 


15 


Pro Ser 


Leu Pro 


Leu 


Gly Gly His 


Leu 


Gly Pro Ala Gly Ala 


Ala Gly 




20 






25 


30 




Pro Ala 


Pro Arg 


Leu 


Ser Leu Gin 


Pro 


Asp Pro Met Leu Val 


Ala Leu 




35 




40 




45 




Gly Ser Arg Lys 


Ser 


Ser Val Met 


Ser 


Leu Gly Arg Met Ser 


Tyr Asp 


50 






55 




60 





Gin Arg Ser Leu 
65 

<210> 139 

<211> 157 

<212> PRT 

<213> Homo sapiens 

<400> 139 

Ser Ser Ser Arg Ser Ser Tyr Tyr Gly Pro Trp Gly Arg Ser Ala Ala 

1 5 10 15 

Trp Ala Ser Arg Arg Ser Ser Trp Asn Ser Leu Lys His Lys Pro Pro 
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Ser Ala 

Arg Val 

50 
Leu His 
65 

His Arg 

Ser Val 

Ala Ala 

Gly Arg 
130 
Arg Gly 
145 



20 
Glu His 
35 

Cys Glu 

Thr Pro 

His Arg 

Asp Leu 
100 
Trp Arg 
115 

Met- Pro 
Asp Arg 



Glu Ser 

Val Ala 

His Ala 

70 
His His 
85 

Ala Glu 

Ala Ala 

Ser lie 

Gly Glu 
150 



Leu Leu 

40 
Ala Asp 
55 

His His 

Arg Arg 

Leu Val 

Gly Pro 
120 
Ala Lys 
135 

Asp Glu 



25 

Ser Ala 

Glu Gly 

lie His 

Thr Leu 

90 
Pro Ala 
105 

Ala Pro 
Asp Val 
Glu Glu 



Glu Arg Gly 
45 

Pro Pro Arg 
60 

His Gly Pro 
75 

Ser Leu Asp 

Val Gly Ala 

Gly Hie Glu 
125 

Phe Thr Lys 

140 
lie Asp Tyr 
155 



30 

Gly Gly Ala 

Ala Ala Pro 

His Leu Ala 
80 

Asn Arg Asp 
95 

His Pro Arg 
110 

Asp Cys Asn 
Met Gly Asp 



<210> 140 

<21X> 34 

<212> PRT 

<213> Homo sapiens 



<400> 140 

Thr Leu Cys Phe Arg Val Arg Lys Met lie Asp Val Tyr Lys Pro Asp 

1 5 10 15 

Trp Cys Glu Val Arg Glu Asp Trp Ser Val Tyr Leu Phe Ser Pro Glu 
20 25 30 

Asn Arg 



<210> 141 
<211> 41 
<212> PRT 

<213> Homo sapiens 



<400> 141 

Phe Arg Val Leu Cys Gin Thr lie lie Ala His Lys Leu Phe Asp Tyr 

15 10 15 

Val Val Leu Ala Phe lie Phe Leu Asn Cys lie Thr lie Ala Leu Glu 

20 25 30 

Arg Pro Gin He Glu Ala Gly Ser Thr 
35 40 



<2l0> 142 
<211> 23 
*212> PRT 

<213> Homo sapiens 
<400> 142 

Glu Arg lie Phe Leu Thr Val Ser Asn Tyr He Phe Thr Ala He Phe 

15 10 15 

Val Gly Glu Met Thr Leu Lys 
20 
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<210> 143 

<211> 62 

<212> PRT 

<213> Homo sapiens 



<400> 143 
Val Val Ser Leu Gly Leu Tyr Phe 

1 5 
Ser Trp Asn Val Leu Asp Gly Phe 
20 

He Val Val Ser Leu Ala Ser Ala 

35 40 
Leu Arg Val Leu Arg Leu Leu Arg 
50 55 



Gly Glu Gin Ala Tyr Leu Arg Ser 

10 15 
Leu Val Phe Val Ser He He Asp 
25 30 
Gly Gly Ala Lys He Leu Gly Val 
4 5 

Thr Leu Arg Pro Leu Arg 
60 



<210> 144 
X <211> 42 

<212> PRT 
<213> Homo sapiens 

<400> 144 

Val He Ser Arg Ala Pro Gly Leu Lys Leu Val Val Glu Thr Leu He 

1 5 10 15 

Ser Ser I*eu Lys Pro He Gly Asn He Val Leu He Cys Cys Ala Phe 

20 25 30 

Phe He He Phe Gly He Leu Gly Val Gin 
35 40 



<210> 145 

<211> 42 

<212> PRT 

<213> Homo sapiens 



<400> 145 

Leu Phe Lys Gly Lys Phe Tyr His Cys Leu Gly Val Asp Thr Arg Asn 

1 5 10 15 

He Thr Asn Arg Ser Asp Cys Met Ala Ala Asn Tyr Arg Trp Val His 

20 25 30 

His Lys Tyr Asn Phe Asp Asn Leu Gly Gin 
35 40 



<210> 146 

<211> 30 

<212> PRT 

<213> Homo sapiens 



<400> 146 
Ala Leu Met Ser Leu Phe Val Leu 

1 5 
He Met Tyr Asn Gly Leu Asp Ala 
20 



Ala Ser Lys Asp Gly Trp Val Asn 

10 15 
Val Ala Val Asp Gin Gin 
25 30 



<210> 147 
<211> 64 
<212> PRT 
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<213> Homo sapiens 

<400> 147 
Pro Val Thr Asn His Asn Pro Tip 

1 5 
Leu Leu He Val Ser Phe Phe Val 
20 

Val Glu Asn Phe Hie Lys Cys Arg 

35 40 
Arg Arg Arg Glu Glu Lys Arg Leu 
50 55 



Met Leu Leu Tyr Phe He Ser Phe 

10 15 
Leu Asn Met Phe Val Gly Val Val 
25 30 
Gin His Gin Glu Ala Glu Glu Ala 
45 

Arg Arg Leu Glu Lys Lys Arg Arg 
60 



<210> 148 

<211> 51 

<212> PRT 

<213> Homo sapiens 



<400> 148 

Lys Ala Gin Arg Leu Pro Tyr Tyr Ala Thr Tyr Cys His Thr Arg Leu 

15 10 15 

Leu He His Ser Met Cys Thr Ser His Tyr Leu Asp He Phe He Thr 

20 25 30 

Phe He He Cys Leu Asn Val Val Thr Met Ser Leu Glu His Tyr Asn 

35 40 45 

Gin Pro Thr 
50 



<210> 149 

<211> 37 

<212> PRT 

<213> Homo sapiens 

<400> 149 
Ser Leu Glu Thr Ala Leu Lys Tyr 

1 5 
Phe Val Leu Glu Ala Val Leu Lys 
20 

Phe Phe Lys Asp Arg 
35 

<210> 150 

<211> 44 

<212> PRT 

<213> Homo sapiens 



Cys Asn Tyr Met Phe Thr Thr Val 

10 15 
Leu Val Ala Phe Gly Leu Arg Arg 
25 30 



<400> 150 

Trp Asn Gin Leu Asp Leu Ala He Val Leu Leu Ser Val Met Gly He 

15 10 15 

Thr Leu Glu Glu He Glu He Asn Ala Ala Leu Pro He Asn Pro Thr 

20 25 30 

He He Arg He Met Arg Val Leu Arg He Ala Arg 
35 40 

<210> 151 
<211> 24 
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<212> PRT 

<213> Homo sapiens 

<400> 151 
Val Leu Lya Leu Leu Lys Met Ala 

1 5 
Thr Val Val Gin Ala Leu Pro Gin 
20 

<210> 152 

<211> 26 

<212> PRT 

<213> Homo sapiens 



Thr Gly Met Arg Ala Leu Leu Asp 
10 IS 



<400> 152 
Val Gly Asn Leu Gly Leu Leu Phe 

l 5 
Ala Leu Gly Val Glu Leu Phe Gly 
20 

<210> 153 

<211> 41 

<212> PRT 

<213> Homo sapiens 



Met Leu Leu Phe Phe He Tyr Ala 

10 15 
Lys Leu 
25 



<400> 153 

Val Cys Asn Asp Glu Asn Pro Cys Glu Gly Met Ser Arg His Ala Thr 

15 10 15 

Phe Glu Asn Phe Gly Met Ala Phe Leu Thr Leu Phe Gin Val Ser Thr 

20 25 30 

Gly Asp Asn Trp Asn Gly He Met Lya 
35 40 

<210> 154 
<211> 113 
<212> PRT 
<213> Homo sapiens 

<400> 154 

Asp Thr Leu Arg Asp Cys Thr His Asp Glu Arg Ser Cys Leu Ser Ser 

1 5 10 15 

Leu Gin Phe Val Ser Pro Leu Tyr Phe Val Ser Phe Val Leu Thr Ala 

20 25 30 

Gin Phe Val Leu He Asn Val Val Val Ala Val Leu Met Lys His Leu 

35 40 45 

Asp Asp Ser Asn Lys Glu Ala Gin Glu Asp Ala Glu Met Asp Ala Glu 

50 55 60 

Leu Glu Leu Glu Met Ala His Gly Leu Gly Pro Gly Pro Arg Leu Pro 
65 70 75 80 

Thr Gly Ser Pro Gly Ala Pro Gly Arg Gly Pro Gly Gly Ala Gly Gly 

85 90 95 

Gly Gly Asp Thr Glu Gly Gly Leu Cys Arg Arg Cys Tyr Ser Pro Ala 
100 105 110 

Gin 
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<210> 155 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<400> 155 

Glu Asn Leu Trp Leu Asp Ser Val Ser Leu lie lie Lys 
1 5 10 

<210> 156 

<211> 36 

<212> PRT 

<213> Homo sapiens 

<400> 156 

Asp Ser Leu Glu Gly Glu Leu Thr He He Asp Asn Leu Ser Gly Ser 

1 5 10 15 

He Phe His His Tyr Ser Ser Pro Ala Gly Cys Lys Lys Cys His His 

20 25 30 

Asp Lys Gin Glu 
35 



<210> 157 

<211> 41 

<212> PRT 

<213> Homo sapiens 



<400> 157 

Val Gin Leu Ala Glu Thr Glu Ala Phe Ser Leu Asn Ser Asp Arg Ser 

1 5 10 15 

Ser Ser He Leu Leu Gly Asp Asp Leu Ser Leu Glu Asp Pro Thr Ala 

20 25 30 

Cys Pro Pro Gly Arg Lys Asp ser Lys 
35 40 

<210> 158 

<211> 55 

<212> PRT 

<213> Homo sapiens 

<400> 158 

Gly Glu Leu Asp Pro Pro Glu Pro Met Arg Val Gly Asp Leu Gly Glu 

1 5 10 15 

Cys Phe Phe Pro Leu Ser Ser Thr Ala Val Ser Pro Asp Pro Glu Asn 

20 25 30 

Phe Leu Cys Glu Met Glu Glu He Pro Phe Asn Pro Val Arg Ser Trp 

35 40 45 

Leu Lys His Asp Ser Ser Gin 
50 55 



<210> 159 

<211> 66 

<212> PRT 

<213> Homo sapiens 
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<400> 159 

Ala Pro Pro Ser Pro Phe Ser Pro Asp Ala Ser Ser Pro Leu Leu Pro 

1 5 10 15 

Met Pro Ala Glu Phe Phe His Pro Ala Val Ser Ala Ser Gin Lys Gly 

20 25 30 

Pro Glu Lys Gly Thr Gly Thr Gly Thr Leu Pro Lya lie Ala Leu Gin 

3S 40 45 

Gly Ser Trp Ala Ser Leu Arg Ser Pro Arg Val Ann Cys Thr Leu Leu 

50 55 60 

Arg Gin 
65 

<210> 160 
<211> 7 
<212> PRT 
- <213> Homo sapiens 



<400> 160 
Val Pro Thr Pro Pro Arg Pro 
1 5 

<210> 161 
<211> 214 
<212> PRT 

<213> Homo sapiens 



<400> 161 



Ala Thr 


Gly Ser 


Asp 


Thr Ser Leu Asp Ala Ser Pro 


Ser Ser Ser 


Ala 


1 




5 


10 


15 




Gly Ser 


Leu Gin 


Thr 


Thr Leu Qlu Asp Ser Leu Thr 


Leu Ser Asp 


Ser 




20 




25 


30 




Pro Arg 


Arg Ala 


Leu 


Gly Pro Pro Ala Pro Ala Pro 


Gly Pro Arg 


Ala 




35 




40 


45 




Gly Leu 


Ser Pro 


Ala 


Ala Arg Arg Arg Leu Ser Leu 


Arg Gly Arg 


Gly 


50 






55 60 






Leu Phe 


Ser Leu 


Arg 


Gly Leu Arg Ala His Gin Arg 


Ser His Ser 


Ser 


65 






70 75 




80 


Gly Gly 


Ser Thr 


Ser 


Pro Gly Cys Thr His Hie Asp 


Ser Met Asp 


Pro 






85 


90 


95 




Ser Asp 


Glu Glu 


Gly 


Arg Gly Gly Ala Gly Gly Gly 


Gly Ala Gly 


Ser 




100 




105 


110 




Glu His 


Ser Glu 


Thr 


Leu Ser Ser Leu Ser Leu Thr 


Ser Leu Phe 


cys 




115 




120 


125 




Pro Pro 


Pro Pro 


Pro 


Pro Ala Pro Gly Leu Thr Pro 


Ala Arg Lys 


Phe 


130 






135 140 






Ser Ser 


Thr Ser 


Ser 


Leu Ala Ala Pro Gly Arg Pro 


Hie Ala Ala 


Ala 


145 






150 155 




160 


Leu Ala 


His Gly 


Leu 


Ala Arg Ser Pro Ser Trp Ala 


Ala Asp Arg 


Ser 






165 


170 


175 




Lys Asp 


Pro Pro 


Gly 


Arg Ala Pro Leu Pro Met Gly 


Leu Gly Pro 


Leu 




180 




185 


190 




Ala Pro 


Pro Pro 


Gin 


Pro Leu Pro Gly Glu Leu Glu 


Pro Gly Asp 


Ala 




135 




200 


205 




Ala Ser 


Lys Arg 


Lys 


Arg 







210 
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<210> 162 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<400> 162 

Asp Leu Met Leu Aap Asp Val lie Ala Ser Gly Ser Ser Ala Ser Ala 

1 5 10 15 

Ala Ser 



<210> 163 

<211> 51 

<212> PRT 

<213> Homo sapiens 

<400> 163 

Lys Ala Gin Cys Lys Pro Tyr Tyr Ser Asp Tyr Ser Arg Phe Arg Leu 

15 10 15 

Leu Val His His Leu Cys Thr Ser His Tyr Leu Asp Leu Phe lie Thr 

20 25 30 

Gly Val lie Gly Leu Asn Val Val Thr Met Ala Met Glu His Tyr Gin 

35 40 45 

Gin Pro Gin ' 
50 



c210> 164 
<211> 142 
<212> PRT 
<213> Homo sapiens 





<400> 


164 










Gin 


Leu 


Cys 


Pro 


Gin 


His 


Ser 


Pro Leu Asp Ala Thr Pro His Thr Leu 


1 








5 






10 15 


val 


Gin 


Pro 


lie 


Pro 


Ala 


Thr 


Leu Ala Ser Asp Pro Ala Ser Cys Pro 








20 








25 30 


Cys 


Cys 


Gin 


His 


Glu 


Asp 


Gly 


Arg Arg Pro Ser Gly Leu Gly Ser Thr 






35 










40 45 


Asp 


Ser 


Gly 


Gin 


Glu 


Gly 


Ser 


Gly Ser Gly Ser Ser Ala Gly Gly Glu 




50 










55 


60 


Asp 


Glu 


Ala 


Asp 


Gly 


Asp 


Gly 


Ala Arg Ser Ser Glu Asp Gly Ala Ser 


65 










70 




75 60 


Ser 


Glu 


Leu 


Gly 


Lys 


Glu 


Glu 


Glu Glu Glu Glu Gin Ala Asp Gly Ala 










85 






90 95 


Val 


Trp 


Leu 


Cys 


Gly 


Asp 


Val 


Trp Arg Glu Thr Arg Ala Lys Leu Arg 








100 








105 110 


Gly 


He 


Val 


Asp 


Ser 


Lys 


Tyr 


Phe Asn Arg Gly lie Met Met Ala He 






115 










120 125 


Leu 


Val 


Asn 


Thr 


Val 


Ser 


Met 


Gly He Glu His His Glu Gin 




130 










135 


140 
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(57) Abstract: The structures of CACNAIG and 
CACNA1I, the genes encoding the human brain T 
Ca 2+ channel a 1G and cc u subunits, respectively, 
were determined by comparison of polymerase 
chain reaction-amplified brain cDNA and genomic 
sequences. CACNAIG consists of at least 38 exons 
spanning at least 66,490 basepairs of chromosome 
17q22. Alternative splicing of the RNA occurs 
at six sites: cassette exons 14, 26, 34 and 35, an 
internal donor in exon 25 and protein-coding intron 
38B. Additionally, the RNA can be polyadenylated 
at either of two sites. Alternative splicing of 
CANCA1G RNA may lead to expression of as 
many as 64 distinct protein products, ranging from 
2,171 to 2377 ammo-acids residues, with as many 
as 45 potential phosphorylation sites. CACNAII 
consists of at least 37 exons spanning at least 
116,390 basepairs of chromosome 22ql 2.3-13.2. 
Alternative splicing of the gene occurs at three sites: 
cassette exon 9, an alternative acceptor in exon 
33 and mutually-exclusive 3' exons 36B and 37. 
Alternative splicing of CANCA1I RNA may lead to 
expression of as many as 8 distinct protein products, 
ranging from 1,968 to 2,223 amino-acids residues, 
with as many as 28 potential phosphorylation sites. 
Molecular diversity generated by alternative splicing 
and post-translation modification of these and other 
members of the T aj subunit gene family may 
account for the observed heterogeneity of T currents 
in central neurons. 
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